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ABSTRACT 

Dust emission is one of the main windows to the physics of galaxies and to star formation as 
the radiation from young, hot stars is absorbed by the dust and reemitted at longer wavelengths. 
The recently launched Herschel satellite now provides a view of dust emission in the far-infrared 
at an unequaled resolution and quality up to 500 /im. In the context of the Herschel HERM33ES 
open time key project, we are studying the moderately inclined Scd local group galaxy M33 which 
is located only 840 kpc away. In this article, using Spitzer and Herschel data ranging from 3.6 /im 
to 500 /im, along with HI, Ha maps, and GALEX ultraviolet data we have studied the emission 
of the dust at the high spatial resolution of 150 pc. Combining Spitzer and Herschel bands, we 
have provided new, inclination corrected, resolved estimators of the total infrared brightness and 
of the star formation rate from any combination of these bands. The study of the colors of the 
warm and cold dust populations shows that the temperature of the former is, at high brightness, 
dictated by young massive stars but, at lower brightness, heating is taken over by the evolved 
populations. Conversely, the temperature of the cold dust is tightly driven by the evolved stellar 
populations. 

Subject headings: Infrared: galaxies, Galaxies: Local Group, ISM: dust, Galaxies: individual (M33) 



1. Introduction 

The infrared (IR) is one of the main windows 
to the physics of galaxies. Not only does it give 
access to the stellar content of galaxies in the near- 
IR (Bell & de Jong 2001), it also provides us with 
insight into the fundamental processes of star for- 
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mation. Indeed, as dust absorbs the energetic ra- 
diation from massive young stars, it reemits this 
energy in the IR. In other words, the IR traces 
star-formation. 

The advent of IR telescopes such as IRAS (In- 
frared Astronomical Satellite) and its successors 
ISO (Infrared Space Observatory), Spitzer, Akari, 
and now WISE (Wide-field Infrared Survey Ex- 
plorer) and Herschel has revolutionized our view 
on the universe with the discovery of a large num- 
ber of dust-enshrouded galaxies whose existence 
had never been suspected. The mid- and far-IR 
have now become a cornerstone to our understand- 
ing of galaxy formation and evolution, accounting 
for a third of the bolometric luminosity in quies- 
cent galaxies such as the Milky Way, 70% in more 
actively star-forming galaxies such as M82, and 
up to 99% for ULIRGs (Ultra Luminous Infrared 
Galaxies, Lagache et al. 2005). 

The recently-launched Herschel Space Observa- 
tory provides a continuous coverage from 70 /im to 



500 /im at an unprecedented resolution and sensi- 
tivity for the longer wavelengths. It probes dust- 
enshrouded star-formation across cosmic time, 
from the local group to high-redshift galaxies. 
Its exquisite resolution (from ~ 6" at 70 jam to 
~ 38" at 500 /im) makes it possible to resolve 
and study individual star-forming regions within 
nearby galaxies (Beirao et al. 2010; Bendo et al. 
2010; Boquien et al. 2010b; Cormier et al. 2010; 
Verley et al. 2010, for instance). For galaxies at 
cosmological distances, deep IR surveys are key 
tools for understanding the physics of galaxy for- 
mation and evolution (Chary & Elbaz 2001; Dale 
et al. 2001; Dale & Helou 2002, and many others). 
The sensitivity of Herschel allows us to probe 
star-formation in the IR down to the regime of 
quiescent star-forming galaxies at high redshift as 
in the case of the Herschel-GOODS deep survey. 
It is therefore not only timely but also of criti- 
cal importance to understand the origin of the IR 
emission in such galaxies in the nearby universe 
to interpret properly these observations. 

Dust emission in galaxies can have several unre- 
lated origins as for instance suggested by Sauvage 
& Thuan (1994); Kewley et al. (2002). (1) Massive 
stars in star-forming regions heat and excite the 
dust, as described above. This emission is gener- 
ally compact and corresponds to clumps of star- 
formation within galaxies. (2) A large scale dif- 
fuse emission may arise due to cirrus (Helou 1986) 
being heated by (a) energetic radiation escap- 
ing from individual star-forming regions (Sauvage 
et al. 1990; Xu 1990; Popescu et al. 2000; Misiriotis 
et al. 2001; Popescu et al. 2002, 2005; Tabatabaei 
et al. 2007) and/or (b) the general radiation field 
of evolved stars (Helou 1986; Xu & Helou 1996; 
Li & Draine 2002; Boselh et al. 2004). (3) Hot 
grains in the photosphere or circumstellar atmo- 
sphere of mass-losing stars also contribute, espe- 
cially in the mid-IR (Jura et al. 1987; Knapp et al. 
1992; Mazzei & de Zotti 1994, for instance). (4) 
Embedded AGN affect the surrounding dust (de 
Grijp et al. 1985; Wu et al. 2007). 

Observations have shown that the dust forms 
as soon as metals are available leading to some 
absorption by the dust at relatively high red- 
shift (Meurer et al. 1997; Giavahsco et al. 2004; 
Bouwens et al. 2009). This means that dust 
also reprocesses the radiation from young stars 
at cosmological distances and, as a consequence. 



IR emission acts as a star-formation tracer even 
at high redshift. This hints at the fundamen- 
tal importance of the IR not only to study star- 
formation in nearby galaxies but also in the distant 
universe. For a decade, studies have used the IR 
luminosity function to explore the formation and 
evolution of galaxies, providing an extinction-free 
estimate by essence of the cosmic star formation 
rate density. It serves as a test bench for models of 
structure formation and evolution (e.g., Kay et al. 
2002). 

The use of the IR as a SFR (star formation rate) 
estimator is based on three assumptions. First, it 
is assumed that dust opacity is infinite through- 
out the galaxy. That is, all the energetic radi- 
ation from young stellar populations is absorbed 
and reemitted in the IR. While this assumption is 
fulfilled in LIRGs and ULIRGs, in more quiescent 
galaxies it is not the case. The combination of 
the IR continuum luminosity with an optical re- 
combination line or the UV (ultraviolet) luminos- 
ity permits to circumvent this problem (Calzetti 
et al. 2007; Kennicutt et al. 2007; Leroy et al. 2008; 
Bigiel et al. 2008; Kennicutt et al. 2009). The sec- 
ond assumption is that the young stellar popula- 
tions dominate the radiation field in extinction- 
sensitive bands (UV and optical). In other words 
it means that AGN heating as well as heating from 
evolved stellar populations and dust emission in 
circumstellar envelopes are small compared to it. 
This question is of crucial importance as it deter- 
mines whether a given IR band is a reliable star- 
formation tracer or not. As the diffuse emission 
can represent up to nearly 90% of the IR fiux in 
Sa galaxies (Sauvage & Thuan 1992), it can lead to 
an error on the SFR up to an order of magnitude 
depending on its origin. Finally the last assump- 
tion is that the initial mass function is universal. 

There is an active and on-going debate in the 
literature regarding the actual process giving rise 
to the diffuse emission. Its presence has been un- 
ambiguously detected in numerous studies since 
Lonsdale Persson & Helou (1987). The non star- 
forming related contamination is non-negligible 
for whole galaxies according to some authors, how- 
ever its amplitude is not assessed precisely, with 
some studies on individual galaxies and samples 
of galaxies finding conversely that star-formation 
drives the majority of the IR luminosity (Sauvage 
& Thuan 1992; Devereux & Scowen 1994; De- 



vereux et al. 1994, 1995; Buat & Xu 1996; Is- 
rael et al. 1996; Walterbos & Greenawalt 1996; 
Devereux et al. 1997; Jones et al. 2002; Kewley 
et al. 2002; Bell 2003; Boselli et al. 2004; Forster 
Schreiber et al. 2004; Hinz et al. 2004; Cannon 
et al. 2006; Perez-Gonzalez et al. 2006; Calzetti 
et al. 2007; Montalto et al. 2009; da Cunha et al. 
2010; Calzetti et al. 2010). These results hint 
at a variation from galaxy to galaxy in a more 
fundamental way than the relation with galaxy 
type found by Sauvage & Thuan (1992). When 
studying individual star-forming regions, it ap- 
pears that the warm dust peaking around 70 /im is 
a good tracer of star formation as was found both 
in the Magellanic Clouds (Lawton et al. 2010) and 
in star forming regions in nearby galaxies (Li et al. 
2010). 

Here we use Herschel observations taken in the 
context of the HERM33ES open time key project 
(Kramer et al. 2010) in combination with Spitzer 
IRAC (Infrared Array Camera) and MIPS (Multi- 
band Imaging Photometer for Spitzer) data as well 
as GALEX FUV (far-ultraviolet), and ground- 
based Ha maps of a local group galaxy, in order 
to characterize the emission from the warm and 
cold dust populations^. By convention, we des- 
ignate as "warm dust" the population that peaks 
typically at ~ 50 K and by "cold dust" the one 
that peaks at ~ 20 K. The selected target is M33, 
a nearby Scd galaxy located only 840 kpc away 
(Freedman et al. 1991) with an inclination of 56° 
(Regan & Vogel 1994). It provides us with an ex- 
ceptional physical resolution better than ~ 150 pc 
at 500 /im allowing us to resolve the various mor- 
phological components of the galaxy. Finally, the 
absence of an active nucleus excludes one possible 
dust heating mechanism and a shallow metallicity 
gradient limits the influence of the radial evolution 
of the metallicity on the emission of the dust. 

In Sec. 2 we present the observations and the 
data reduction. Sec. 3 provides the results, which 
are discussed in Sec. 4. The main conclusions are 
given in Sec. 5. 



-•^The case of the PAH properties will be treated extensively 
in Rosolowsky et al. (in preparation). We concentrate 
here primarily on the emission of the warm and cold dust 
components. 



2. Observations and data processing 

2.1. Observations 

The key observations we use here cover the en- 
tire body of M33 from the near-IR to the far-IR 
from 3.6 /im to 500 /im. They trace the stellar 
mass, the PAHs (Poly cyclic Aromatic Hydrocar- 
bons), the VSGs (Very Small Grains), and the 
BGs (Big Grains). We combine observations made 
with Spitzer IRAC at 3.6 /im and 8.0 /im and 
MIPS at 24 /im and 70 /im (Verley et al. 2007) 
with Herschel PACS (Photodetector Array Cam- 
era and Spectrometer) and SPIRE (Spectral and 
Photometric Imaging Receiver) observations ob- 
tained in the context of the HERM33ES open time 
key project (Kramer et al. 2010). PACS covers the 
100 /im and 160 /im bands and SPIRE covers the 
250 /im, 350 /im, and 500 /im bands. Herschel 
observations were carried out on 2010-01-07 for 
a total duration of 6.3 hours at a 20'Ys scanning 
speed in parallel mode with one scan in each per- 
pendicular direction. They cover the entire galaxy 
including the outermost regions. 

We also use ground-based Ha observations pre- 
sented in Hoopes & Walterbos (2000) in order to 
trace the current (~ 10 Myr) star formation and 
GALEX data (Gil de Paz et al. 2007) to trace the 
recent (~ 100 Myr) star formation. Finally, we 
use the HI maps published in Gratier et al. (2010) 
to trace the neutral gas. A complete mapping of 
M33 in CO is being completed to probe the molec- 
ular component and will be presented in Braine et 
al. (in preparation). 

2.2. Data processing 

2.2.1. Herschel 

We have processed Herschel data using two dif- 
ferent methods to improve products over the stan- 
dard automatic pipeline which does not give sat- 
isfactory results for extended objects. 

First, PACS data processing was done using 
HIPE version 3.0 (Ott 2010). In a first step we 
processed the frames to level 1, flagging known 
bad pixels, checking and masking saturated pixels, 
adding pointing information to each pixel, and cal- 
ibrating the frames. We have then corrected the 
frames for the natural drift of the signal of each 
bolometer during the scan to retrieve the emis- 
sion. To do so, for each scanleg, we have fitted 



a linear function for each bolometer on the first 
and last 10% of the readouts, which cover only the 
sky, and subtracted this function from the signal. 
To eliminate the glitches, we have joined the scan 
and the cross-scan frames and used the 2nd order 
deglitcher with a 5-<j threshold. To eliminate ar- 
tifacts caused by the deglitching, we have masked 
all readouts over a correlation length for each pixel 
containing a glitch. Finally, to remove the intrin- 
sic 1/f noise from the bolometers we have made 
use of madmap. The absolute calibration uncer- 
tainty is better than 10% at 100 /im and better 
than 20% at 160 /im^. 

We have also processed PACS data with 
Scanamorphos version 1 (Roussel 2010, submit- 
ted) to ensure that the data processing method 
does not affect the results. Scanamorphos pro- 
duces images with a background much flatter on 
the large scale compared to the ones produced 
with madmap, which is important for very large 
apertures. In our case the comparison of the 
background-subtracted fluxes obtained in each 
pixel for lower resolution images (Sect. 2.3) shows 
that madmap maps present a 10 to 20% stronger 
flux, most likely due to the varying background 
which is much stronger at the location of the 
galaxy, and that the relative scatter of the ratio 
of madmap and scanamorphos fluxes is non negli- 
gible (31% at 100 /im and 23% at 160 /im, mostly 
concentrated on lower fluxes). The easier determi- 
nation of the actual background in Scanamorphos 
images has led our choice to rely on these images 
throughout the paper. 

The SPIRE data processing was also done 
applying HIPE version 3.0 using the standard 
pipeline. The data processing is described in 
greater detail in Kramer et al. (2010). The typical 
calibration uncertainties of the SPIRE bands are 
about 15%. 

2.2.2. HI, Ha, GALEX and Spitzer 

The HI, Ha, GALEX and Spitzer data we use 
in this article were already processed and obtained 
from the literature (Hoopes & Walterbos 2000; Gil 
de Paz et al. 2007; Verley et al. 2007; Tabatabaei 
et al. 2007; Verley et al. 2009; Gratier et al. 
2010) and NED (NASA Extragalactic Database). 
No further processing was done besides removing 



some bright galactic foreground stars and convolv- 
ing the images to lower resolution and registering 
them to a common frame (Sec. 2.3). 

2.3. Convolution to lower resolution 

The aim of data processing is to produce maps 
at each wavelength that can be directly compared 
to each other. To do so, the maps need to have 
both the same resolution (i.e, the same PSF [Point 
Spread Function]), the same pixel scale and the 
same coordinates. We have proceeded in the 
following way: 1. We have converted all Her- 
schel, Spitzer and GALEX images to flux units 
(Jy/pixel). For SPIRE maps that are originally 
in Jy/beam, we have assumed the beam area is 
426''^ 77r'2 ^^^ 1526''^ at 250, 350, and 500 /im 
respectively^. To convert to flux densities, we have 
used the following relation: F = f x p^ /S^ where 
F is the flux in Jansky, / the flux in Jy/beam, 
p the pixel size in arcsec, and S the area of the 
beam in arcsec^. 2. We have convolved all the 
images to the resolution of the SPIRE 500 /im im- 
age, using either the instrument PSF if the reso- 
lution difference was large or the dedicated convo- 
lution kernels provided by Gordon et al. (2008)^ 
otherwise. 3. we have created reference frames of 
the desired field-of-view with a pixel size designed 
to be slightly larger than the PSF FWHM (Full 
Width Half Maximum). Several of these frames 
have been produced with different pixel scales, we 
have finally adopted frames that have a pixel size 
of 42^' which is slightly larger than the resolution 
of SPIRE 500 /im to enclose the PSF. 4. We have 
registered the convolved images on the reference 
frame with 42^' pixels, using iraf's wregister 
procedure. 5. Finally we have converted all Her- 
schel, Spitzer, and GALEX images to W kpc~^. 
The HI map has been converted to M© kpc~^, 
and the Ha map has been converted to W kpc~^. 
The use of surface brightness units allows for an 
easier comparison with other galaxies as it is dis- 
tance independent. The final maps are presented 
in Sec. 3.1. 



^Values obtained from the SPIRE beam release notes 
1.0: ftp://ftp.sciops.esa. int/pub/hsc- calibration/ 
SPIRE/PHOT/Beams_vl.O/beam_release_note_vl-0.pdf 

"^http : //dirty . as . arizona . edu/~kgordon/mips/conv_ 
psf s/conv_psf s . html 



■^PACS Scan Map release note version 1.1. 



2.4. Flux measurement 



(Hoopes & Walterbos 2000). 



For the pixel-to-pixel analysis we consider each 
pixel in the convolved, registered image generated 
in Sect. 2.3, from which we have subtracted the 
background of the image. The background is mea- 
sured averaging the mean value in 5 x 5 pixels 
apertures around the galaxy at an inclination- 
corrected distance of at least 5 kpc from the center, 
in the low resolution registered image. The mea- 
surement is made interactively using the imexam- 
INE procedure in IRAF. The uncertainty is taken 
as the quadratic mean of the standard deviation 
of the background level and the mean of the pixel- 
to-pixel standard deviation measured in 5 x 5 pix- 
els apertures using the same method as described 
above. 

We have to note that due to the registration 
and the convolution of the images, it is difficult 
to estimate the uncertainties in a precise fashion 
relying on the noise statistics. In the final images 
the uncertainty is made of two identifiable com- 
ponents. First, the background is not completely 
flat on the large scale which induces a systematic 
uncertainty on the background level itself. While 
the effect is very small for bright pixels, it is much 
more important for fainter ones. This may be due 
to instrumental/data reduction artifacts as in the 
case of PACS data processed with madmap, which 
has led to the adoption of maps processed with 
Scanamorphos. It may also be due to the presence 
of foreground cirrus in the IR which are clearly 
seen in the SPIRE bands. Another source of un- 
certainty is the presence of compact sources, such 
as foreground stars in the Milky Way, which is par- 
ticularly problematic in the 3.6 jam band. These 
two noise sources contribute generally to the same 
order of magnitude to the uncertainty. Knowing 
these limitations, we assume that the standard de- 
viation measured as explained above provides a 
good estimate of 1-a error bars. Pointing uncer- 
tainties should have a limited effect as they are 
small compared to the final pixel size. 

For the GALEX FUV and Ha images, the 
fluxes have additionally been corrected for the 
foreground galactic extinction using the Cardelli 
et al. (1989) law, assuming E(B - V) = 0.042, ob- 
tained from NED. The Ha fluxes have also been 
corrected for the Nil line contamination assuming 
[NII]/Ha=0.05 within the Ha narrow-band filter 



3. Results 

In this section we present and describe individ- 
ual band maps and color maps. We have selected 
pixels that have a SNR (Signal-to-Noise Ratio) of 
at least 3 in both bands for the color maps. These 
pixels are located within 5 kpc from the center of 
the galaxy. 

3.1. Individual bands 

In Fig. 1 we present maps of M33 in individual 
bands convolved to the SPIRE 500 /im PSF and 
registered to a common reference frame with 42" 
pixels as described in Sec. 2.3. 



These maps trace the neutral atomic gas reser- 
voir (HI), recent and current star formation (FUV 
and Ha), the evolved stellar populations (3.6 /im), 
the PAHs (8.0 /im), the warm dust (24 /im to 
160 /im), and the cold dust (250 /im to 500 /im). 
Note that depending on the radiation field inten- 
sity, the 160 /im band may be dominated either by 
the warm or the cold dust (Bendo et al. 2010). For 
convenience in this paper we associate the 160 /im 
band with the 70 /im and 100 /im bands that are 
dominated by the warm dust. 

The spiral structure is unsurprisingly marked 
in all bands except for the 3.6 jam band in which 
the emission is dominated by evolved stellar pop- 
ulations throughout the disk. This band shows a 
markedly different structure, with the spiral arms 
being relatively faint and the surface brightness 
declining smoothly from the inner to the outer re- 
gions. 

The neutral atomic gas as traced by HI exhibits 
a spiral structure extending to a larger distance 
than what is seen in bands tracing star formation. 
It presents several regions that seem to be almost 
entirely depleted of atomic gas. These regions 
show very little emission in dust tracing bands 
and also in Ha and FUV. On average however, 
the azimuthally averaged neutral atomic gas col- 
umn density varies little with radius up to 8 kpc 
from the center of the galaxy (Verley et al. 2009; 
Gratier et al. 2010). 
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Fig. 1.— From top-left to bottom-right, maps of M33 in HI, FUV, Ha, 3.6, 8.0, 24, 70, 100, 160, 250, 350, 
and 500 /im. Blue indicates the lowest value and red the highest one, in linear scale, eliminating the 2.5% 
faintest and brightest pixels. The distance from the center is limited to 5 kpc, represented by the ellipse. All 
images have been convolved to the SPIRE 500 /im resolution and have been registered to a common frame 
with 42'^ pixels. 



Faint emission is detected farther from the cen- 
ter in SPIRE bands from 250 /im to 500 /im com- 
pared to what is seen in PACS bands at 100 jam 
and 160 /im. This may be due to the relative shal- 
lowness of the PACS maps as this diffuse emission 
is more marked in the MIPS 160 band. How- 
ever when comparing the convolved, registered 
PACS 160 and MIPS 160 images, they yield simi- 
lar fluxes for faint regions, albeit with a relatively 
large scatter. 

The massive star forming region to the North- 
East, NGC 604, appears clearly and is particu- 
larly prominent in bands tracing the warm dust. 
There is an excess of emission in the 3.6 jam band 
(and also in the 4.5 /im band which is not pre- 
sented here), maybe due to emission of nebular 
lines or continuum, and the 3.3 /im PAH line as 
well as the continuum from very hot dust and tran- 
siently heated grains. This excess has already been 
observed in those bands in strongly star-forming 
regions in other galaxies and interacting systems 
(Smith & Hancock 2009; Mentuch et al. 2009; Bo- 
quien et al. 2010c). 

3.2. Old and young stellar populations 

Being sensitive to the Rayleigh- Jeans tail of the 
photospheric emission of stars, the IRAC 3.6 /im 
band is a tracer of the stellar mass in the galaxy. 
Though it can be affected by the PAH 3.3 /im line, 
nebular emission and hot dust in HII regions as 
well as VSGs fluctuating to temperatures of sev- 
eral hundreds K, such as in NGC 604 where it is 
not as reliable as a tracer of the stellar mass. 

Normalized to the 3.6 /im band, the FUV and 
Ra bands show a tenuous spiral structure and do 
not present any striking radial structure, showing 
that on the large scale, unextinguished star for- 
mation varies similarly to the stellar mass. Lo- 
cal clumps of star formation that depart from this 
trend are clearly seen, corresponding to star form- 
ing regions in spiral arms. 



and 3. 



However, there are several regions that appear 
to contain a high stellar mass compared to the in- 
tensity of the warm dust emission. Actually these 
correspond to holes in the galaxy containing very 
little neutral gas, and hence very little dust. If we 
compare bands tracing the warm dust, we get an 
indication of the temperature. Generally we find a 
slight radial trend from higher temperatures in the 
inner regions towards colder temperatures in the 
outer regions. However if we look at the 70/100 
color, we do not see any significant trend with the 
radial distance and the ratio indicates that the 
peak is longward of 70 /im in terms of F^^. How- 
ever, there is a weak, decreasing, radial trend when 
comparing the 70 /im and 100 /im to the 160 /im 
emission, albeit with a large scatter. Comparing 
to bands tracing the cold dust (250 /im to 500 /im), 
there is a radial gradient, the warm dust emis- 
sion decreasing relatively to the cold dust when 
going outward. This gradient is more pronounced 
when comparing shorter bands, especially those at 
24 /im and 70 /im, to the cold dust. The scatter 
increases as we compare bands that are far apart. 
This is probably due to the fact that these bands 
are increasingly dominated by different dust popu- 
lations and heating mechanisms. We also observe 
a trend with the radial distance: at a given warm 
dust brightness, the cold dust brightness tends to 
be higher in the outer regions. 

3.4. Cold dust 

The cold dust is traced by the emission at 
250 /im, 350 /im, and 500 /im as we can see in 
Fig. 4. 



3.3. Warm dust 

The bands tracing the warm dust span the peak 
of the FIR emission and as such are major tracers 
of the TIR (total infrared) emission in the galaxy. 
The warm dust emission is as expected clearly en- 
hanced within spiral arms compared to the stellar 
mass as we can see at 24 /im and 160 /im in Fig. 2 



Compared to the atomic neutral gas, the cold 
dust emission decreases when we go outward, pos- 
sibly due to the progressively lower radiation field 
intensity. However, at a given radius the dust 
emission and the HI mass are well correlated. 
The emission from the evolved stellar populations 
seems to diminish faster than the one of the cold 
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Fig. 2. — Top: color maps between all the bands and the 24 /im band surface brightness. Blue indicates a 
low ratio and red indicates a high ratio. Middle: color between all the bands and the 24 /im band surface 
brightness as a function of the radial distance. The error bars in red represent the median l-cr uncertainty in 
bins that have a width of 1 kpc. Bottom: brightness of all the bands as a function of the 24 /im band surface 
brightness. The color indicates the galactocentric distance, following the colorbar at the bottom-right corner 
in units of kpc, blue for regions close to the center ana red for regions located in the outskirts at 5 kpc. The 
error bars in red represent the 1-a uncertainty. 
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Fig. 3. — Same as in Fig. 2 but for the 160 /im band surface brightness. 
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Fig. 4. — Same as in Fig. 2 but for the 350 /im band surface brightness. 
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dust when going outward. If a slight radial gradi- 
ent is visible, some spiral structure is also visible 
probably indicating the larger density of cold dust 
in spiral arms. A few regions that present little 
cold dust emission compared to the stellar pop- 
ulations are actually located in HI holes in the 
galaxy. The warm dust being enhanced in the 
central regions shows that the relative importance 
of the cold dust increases with radius. Finally, 
the cold dust colors seem to be driven by different 
factors. Indeed, looking at 250/350 and 250/500 
we see both a radial gradient and a spiral struc- 
ture. However, for the 350/500 ratio the radial 
gradient is much shallower and the spiral struc- 
ture fainter than for 250/350 and 250/500. The 
correlation between 250 fim. and 350 /im is remark- 
ably tight compared to other correlations, with a 
slight dependence on the distance at a given sur- 
face brightness, translating the radial gradient. It 
is even tighter than the correlation between the 
350 jam and the 500 jam bands. This can also be 
seen examining the radial trends. We will discuss 
this aspect in Sec. 4.3.2. 

4. Discussion 

4.1. Estimation of the TIR brightness 

The TIR brightness from 1 jim. to 1 mm is a 
proxy for the amount of star formation. With the 
advent of new instruments such as ALMA, esti- 
mating the TIR from just one or two bands is im- 
portant, in particular for the study of high redshift 
galaxies. Boquien et al. (2010a) published rela- 
tions to estimate the TIR from Spitzer bands, us- 
ing regions within galaxies as well as entire galax- 
ies. Here we extend this study to M33 using Her- 
schel bands from 100 jim. to 500 /im. To estimate 
the TIR brightness, we fit the Draine & Li (2007) 
models for each pixel using the stellar subtracted 
8 /im, 24 /im, 70 /im, 100 /im, 160 /im, 250 /im, 
350 /im, and 500 /im bands through a x^ mini- 
mization. To determine the fluxes from the models 
and to account for the color corrections, we con- 
volve the SED (spectral energy distribution) with 
the filter bandpasses. Using the best fit, we then 
integrate the SED of the dust from 1 /im to 1 mm. 
More details about results obtained through the 
model fittings are published in Rosolowsky et al. 
(in preparation). In Fig. 5, we present the map of 
the computed TIR. 




6.75 
6.50 



Fig. 5. — Map of the TIR emission. The colorbar 
on the right indicates the decimal log of the bright- 
ness in units of solar luminosity per kpc^. In each 
pixel, we fit a Draine & Li (2007) model leaving 
the minimum and maximum starlight intensities 
Umin and Umax as free parameters. Selecting the 
best fit we integrate the resulting SED from 1 /im 
to 1 mm to obtain the TIR brightness. Only pixels 
detected at a 3-cr level in all bands from 8.0 /im 
to 500 /im are selected here. 



To estimate the TIR brightness from just one 
or several IR bands we compute the best fit of the 
form: 



log Stir = ^^ <^i log ^i + ^i 



(1) 



where Stir is the TIR brightness, i is the index 
of the IR band, n is the number of bands we use 
to determine Stir^ and S'^, defined as i^Sj^^ is the 
brightness in the band i in units of W kpc~^. The 
fit in log-log space is necessary to take into ac- 
count the non-linearities of the relation between 
the TIR and the monochromatic emission in some 
bands. We present the coefficient for the best 
fit for every combination of Spitzer and Herschel 
bands from 8.0 /im to 500 /im in Table 1. 

In Fig. 6, we show the fits to evaluate the TIR 
brightness from each individual IR band. 
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Fig. 6. — Estimate of the TIR brightness from 
each one of the 8.0, 24, 70, 100, 160, 250, 350, and 
500 /im bands. Each point represents a single pixel 
in the registered images at the SPIRE 500 jam res- 
olution. The best fit for each band is shown by a 
solid line of the same color, the numerical param- 
eters are listed in Tab. 1. The black dashed line 
represents the 1-to-l relation, for which a band 
would account for the totality of the TIR bright- 



We see that the 100 /im and 160 /im bands 
are good estimators of the TIR brightness. At 
lower brightness, the 160 jam band tends to dom- 
inate, with the share of the 250 jim. band increas- 
ing. The 8 jim. and 24 jim. bands are sub-linear 
estimators of the TIR brightness, which is consis- 
tent with what Bavouzet et al. (2008); Boquien 
et al. (2010a) found both for entire galaxies and 
regions in galaxies. However it has to be noted 
that Zhu et al. (2008) found the 8 jim. band to be 
a nearly linear estimator. The warm dust is close 
to being a linear estimator of the TIR whereas 
the cold dust presents ever stronger non-linearities 
at longer wavelengths owing to the fact that the 
warm dust drives the TIR brightness. Our coeffi- 
cients are comparable to the ones of Boquien et al. 
(2010a), when using only 1 band, showing that the 
properties of M33 do not differ strongly from the 
typical properties of their sample which was based 
on SINGS (Spitzer Infrared Nearby Galaxies Sur- 
vey, Kennicutt et al. 2003), LVL (Local Volume 
Legacy Survey, Lee et al. 2008) and the Engel- 
bracht et al. (2008) star-forming and star burst 



galaxies sample. Also, Mookerjea et al. (2011, 
submitted) find very similar results estimating the 
TIR from our relation for the 160 jim. band and 
using their own method based on a combination 
of gray bodies. 

In Fig. 7 we plot the best fit using all IR bands 
available. 




34.0 34.5 
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Fig. 7. — Estimate of the TIR brightness from 
the combination of the 8.0, 24, 70, 100, 160, 250, 
350, and 500 jim. bands. The red line represents 
the 1:1 relation between the TIR estimated from 
each IR band and the one estimated from the fit 
of the SED with a Draine & Li (2007) model. The 
parameters of the fit are listed in Tab. 1. Note 
that the range is similar to that of Fig. 6. A total 
of 850 pixels are taken in account in this fit. 



We see that the fit using all bands is very tight 
with few points deviating from the expected TIR 
brightness with a scatter around the best fit of 
0.012 dex. 

4.2. Star formation rate estimators 

Recently, Boquien et al. (2010b) and Verley 
et al. (2010) showed that using individual star- 
forming regions, the emission in the 100 jim. to 
250 jim. bands is a nearly linear tracer of the 
SFR. However, star-forming regions in more dis- 
tant galaxies cannot necessarily be disentangled 
from one another even if Herschel resolves the 
galaxy as a whole. As a consequence, we exam- 
ine here what is the best combination of Spitzer 
and Herschel bands to estimate the SFR. 
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Star-formation is typically traced either by 
the photospheric emission of young, massive stars 
(UV) , recombination lines of the gas that they ion- 
ize (Hof), the dust they heat (mid- and far-IR), or 
the radio continuum from free-free thermal emis- 
sion in HII regions and synchrotron emission in 
supernovae remnants. They have different prop- 
erties regarding their sensitivities to the star for- 
mation history, the extinction, the metallicity, etc. 
The use of the IR as a SFR estimator is affected 
by two mains factors. First, except for the dusti- 
est galaxies, a fraction of the radiation emitted 
by young stars escapes from the surrounding gas 
clouds without heating the dust. This may result 
in an underestimate of the SFR in star forming re- 
gions. This effect can be estimated combining the 
IR data with bands where this radiation emerges, 
such as UV or Ha (Calzetti et al. 2007; Kenni- 
cutt et al. 2007; Leroy et al. 2008; Bigiel et al. 
2008; Kennicutt et al. 2009). The second factor is 
that the radiation from older stellar populations 
can heat the dust. This is particularly prevalent 
in early-type galaxies (Sauvage & Thuan 1992). 
As a consequence, using the IR may result in an 
overestimate of the SFR. However, this problem 
should be less severe in the case of strongly star- 
forming galaxies and late-type galaxies, such as 
M33, as there are proportionally more young stel- 
lar populations compared to older ones. 

Calzetti et al. (2007) showed that the current 
star formation is accurately traced in HII regions 
by a combination of the Ha with the 24 /am. emis- 
sion: 

SFR = 5.35 X 10"^^ [L (Ha) + 0.031 x L (24)], 

(2) 
where L is in W (with L(24) defined as uLi, at 
24 /im) and 5.35 x 10~^^ the conversion factor to 
the SFR in units of Mq yr~^, assuming a Kroupa 
(2001) initial mass function. We assume that all 
the emission is linked to star formation. This as- 
sumption is mostly valid in bright regions. For 
fainter regions it depends on the fraction of the 
emission due to other processes as we have exposed 
in the introduction. To estimate the SFR from any 
combination of Spitzer and Herschel bands, we fol- 
low the same procedure as presented in Sec. 4.1: 



log SFR = "^ailog Si ^b, 



(3) 



where SFR is in Mq yr~^ kpc~^ and the right- 
hand side of the relation is defined as in Eq. 1. 
The parameters of the best fits are presented in 
Tab. 2. 

First of all, when we estimate the SFR from 
only one band, we find that both the 8.0 /im and 
the 24 /im emission are sub-linear tracers of the 
SFR. If the 24 /im slope is consistent with the val- 
ues provided by Calzetti et al. (2010), the case of 
the 8 /im is surprising. Calzetti et al. (2007) for in- 
stance found a super-linear relation. M33 having 
a sub-solar metallicity, may explain why we find 
this difference compared to the higher metallicity 
sample of Calzetti et al. (2007). Another possible 
explanation is that Calzetti et al. (2007) selected 
HII regions whereas we select all regions above a 
given SNR, therefore also including quiescent re- 
gions. This has 2 main consequences. First the 
SFR yielded by the combination of the Ha and 
24 /im emission is not as reliable in faint regions 
as in HII regions as mentioned earlier. Then, it 
is well known that PAHs get destroyed more eas- 
ily in bright regions where the radiation field is 
intense, which is not the case in fainter regions. 
We will see in Sec. 4.4.3 that if we eliminate the 
faintest regions the slope quickly becomes super- 
linear as is expected by previous results. When 
looking at the warm dust from 70 /im to 160 /im, 
all bands are close to being linear tracers. The 
70 /im band is a nearly linear estimator of the 
SFR which corroborates the finding of Li et al. 
(2010) on individual star-forming regions in galax- 
ies with 12 + \ogO/H > 8.4. Interestingly, Bo- 
quien et al. (2010b) found that the 100 /im is a 
linear tracer and that the 160 /im was slightly 
superlinear, based on individual star-forming re- 
gions. The cold dust proves to be a significantly 
non-linear tracer of star-formation. Verley et al. 
(2010) found that the 250 /im band was a linear 
tracer when selecting individual star-forming re- 
gions and estimating the SFR in a similar way as 
we do here. The reason is that Verley et al. (2010) 
derived the SFR from the luminosity of individual 
star forming regions. When deriving a relation us- 
ing the surface brightness they also find a super- 
linear slope close to what we find here. Finally, 
when combining all bands, the scatter around the 
best fit is reduced to 0.128 dex. The best fit using 
all bands is presented in Fig. 8. 
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Fig. 8. — Estimate of the SFR from the combi- 
nation of the 8.0, 24, 70, 100, 160, 250, 350 and 
500 /im bands. The red hne represents the 1:1 re- 
lation between the SFR estimated from each IR 
band and the one estimated from the combination 
of the Ha and 24 /im images. The parameters of 
the fit are listed in Tab. 2. 



We have also estimated the SFR using the FUV 
image corrected for the extinction with the 24 /im 
using the calibration presented by Leroy et al. 
(2008); Bigiel et al. (2008). This yields much shal- 
lower slopes that are most likely underestimated. 
A fit shows that SFR(FUV + 24) ex SFR(Ha + 24)0-'^^ 
The reason is probably that at such a refined spa- 
tial scale, age effects are particularly significant. 
Such a dependence on the way the SFR is esti- 
mated was shown by Bigiel et al. (2008). 

4.3. Heating sources of the dust popula- 
tions 

4-3.1. Radiation field hardness 

Recently, studying a sample of galaxies from 
the Herschel Reference Survey (Boselli et al. 
2010b) and from the Herschel Virgo Cluster Sur- 
vey (Davies et al. 2010) along with M81 (Bendo 
et al. 2010) and M82 (Roussel et al. 2010), Boselh 
et al. (2010a) showed that the warm dust tempera- 
ture, measured by the 60/100 ratio, increases with 
the birthrate parameter 6, defined as the current 
SFR divided by the mean SFR over the lifetime 
of the galaxy, whereas the cold dust tempera- 
ture, measured by the 350/500 ratio, decreases. 



The birthrate parameter is relevant to examine 
the heating sources of the dust as it traces the 
hardness of the radiation field. To determine the 
birthrate parameter, we estimate the SFR simi- 
larly as before, combining the 24 /im with the Ha 
emission (Calzetti et al. 2007), and with the FUV 
one (Leroy et al. 2008; Bigiel et al. 2008). Also, 
to determine the stellar mass, we use the 3.6 jam 
data we presented earlier. To convert the 3.6 jam 
luminosity to the stellar mass we use the relation 
presented by Oliver et al. (2010) for Scd galaxies: 
M^ = 35.3 X z/L^y (3.6), with M^ the stellar mass 
in M0 and uLi, the 3.6 /im luminosity in L©. We 
assume the galaxy has been forming stars over the 
last 13 X 10^ yr. 
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Fig. 9. — Colors of the different dust components 
as a function of the birthrate parameter. 



Various dust color trends with the birthrate pa- 
rameter are presented in Fig. 9. We find the same 
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trend as Boselli et al. (2010a), namely the warm 
dust color, defined as the ratio of 2 IR bands, is 
correlated with the birthrate parameter whereas 
the cold dust color tends to be anti-correlated. In 
both cases the correlation is much weaker though. 
We do not observe any significant difference de- 
pending on whether the SFR is derived from the 
Ha emission or from the FUV emission. For the 
rest of the analysis, we concentrate on the for- 
mer case. Upon closer examination, it appears 
that for the warm dust, the trend is driven over- 
whelmingly by regions that have log 6 > —0.5. 
If we select only pixels under this threshold, for 
the 70/160 color the Pearson correlation coefficient 
falls to 0.03 which means it is uncorrelated, and 
increases to 0.50 for those above it which means 
it is marginally correlated. This can be easily un- 
derstood as regions with a particularly high SFR 
will tend to have a large birthrate parameter, even 
if the underlying stellar mass is important. A 
high SFR yields bluer dust colors as we will see 
in the following section. When the SFR is lower, 
the trend disappears. The anti-correlation of the 
cold dust with the birthrate parameter is also en- 
tirely due to regions with a high birthrate param- 
eter. Setting the same threshold as earlier, for the 
350/500 color, the Pearson correlation coefficient 
reaches to —0.06 for pixels under the threshold 
and —0.17 for those above it. In any case these 
effects are at most extremely weak. Nevertheless 
if they happen to be real, regions with a high SFR 
tend on average to be more dusty. As a small 
quantity of dust absorbs the local radiation (both 
from star forming regions and from evolved pop- 
ulations), it shields the rest of the dust from this 
radiation, and as a consequence the rest of the 
dust tends to get colder. This effect is well known 
in (U)LIRGs which have cool dust (Dunne & Bales 
2001; Calzetti et al. 2010). 

4.3.2. Young stars or old stars 

One of the main heating sources of dust is obvi- 
ously star formation. Young stars are enshrouded 
in dust clouds and a large fraction of their radi- 
ation is absorbed by the dust, which makes IR a 
star formation tracer as we saw in Sec. 4.2. How- 
ever, the origin of diffuse dust emission in galaxies 
is not well understood. This dust could either be 
heated by the energetic radiation of young stars 
escaping from star forming regions, which could 



be absorbed at large distances, or it could also be 
heated locally by the field stellar population. Us- 
ing Herschel observations of the early-type galaxy 
M81, Bendo et al. (2010) found that the cold dust 
is heated by old stars whereas the warm dust is 
heated by younger stars and the presence of an 
active nucleus. 

To test for the heating sources, we plot in 
Fig. 10 the color of the warm and cold dust com- 
ponents versus both the SFR and the local stellar 
mass. 



Unsurprisingly, the colors show some correla- 
tion with both the SFR and the stellar mass per 
unit area. This is expected as those two vari- 
ables are not truly independent, the inner regions 
that have more evolved stars also have more star 
formation. As the results do not depend signif- 
icantly on the band from which the SFR is de- 
rived, we consider here only the case where the 
SFR is derived from Ra and 24 fim. Regard- 
ing the warm dust, the correlation coefficient is 
higher for the SFR compared to the one for stel- 
lar mass, whereas it is the contrary in the case of 
the cold dust. For the warm dust, we can distin- 
guish 2 different regimes in the 100/160 ratio, with 
a cut-off around 10~^"^^ Mq yr~^ kpc~^. If we 
select only pixels under this threshold, the Pear- 
son correlation coefficient drops to —0.29. Con- 
versely for pixels above this threshold, the corre- 
lation is tighter with the correlation coefficient up 
to 0.49. Those 2 regimes are also seen when us- 
ing the longer baseline ratio 70/160. Under the 
threshold, only little trend is seen (0.19) whereas 
it is clearer above it (0.47). This hints that at 
lower SFR, other processes have an influence on 
the temperature of the warm dust. The most 
obvious explanation would be that at the lowest 
SFR the radiation field is actually dominated by 
the evolved stellar populations whereas above this 
threshold, star formation is the dominant mecha- 
nism. Indeed, even if young stars represent only a 
small fraction of the total stellar mass, they easily 
dominate the UV radiation field. If we consider 
the past 10 Myr, a relevant timescale for Ha and 
24 /im in star forming regions, the mass of young 
stars formed is 10^'^^ Mq kpc~^ if we assume a 
SFR of lO-^'^^ M0 yr-i kpc-^ To dominate the 
UV radiation field, a young population typically 
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Fig. 10. — Temperature, as measured by the color of the warm and cold dust populations versus the SFR 
(derived from both Ha and FUV which are combined with the emission at 24 /im) and the local stellar 
mass per unit area. The points in blue correspond to integrated HII regions of Boquien et al. (2010b) 
for which the local background in M33 has been removed, subtracting in effect the contribution from the 
local diffuse emission. The error bars in red indicate the median uncertainty in bins that are respectively 
10^-^ M0 yr~^ kpc~^ and 10^"^ Mq kpc~^ wide. The Pearson correlation coefficient is indicated in the 
bottom-right corner of each plot. 
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needs to represent at least 10~^ to 10~^ of the to- 
tal stellar mass. This corresponds to masses from 
10^-2^ to 10^-^^ M0 kpc-^ The majority of se- 
lected pixels have stellar masses in this range, giv- 
ing weight to this explanation. Interestingly, when 
examining the SFR map, setting a threshold at 
-|^Q-2.75 jyj-^ y^-i i^pc-2^ i^ roughly delineates the 

spiral arms and the inner parts of the galaxy, typ- 
ically at a inclination-corrected distance smaller 
than 1.2 kpc from the center of M33. When look- 
ing at the 100/160 ratio of individual star form- 
ing regions with the local background subtracted 
(Boquien et al. 2010b), the overall Pearson corre- 
lation coefficient is higher (0.44). This is another 
hint at the influence of the evolved stellar popula- 
tions on the warm dust temperature. In any case, 
these results show that, at low brightness levels, 
the warm dust emission cannot be simply a result 
of local heating by young stellar populations, but 
other factors, such as heating from evolved pop- 
ulations, circumstellar dust from post-AGB stars 
whose SED peaks in that range (Hoogzaad et al. 
2002; Verley et al. 2007, for example), as well as 
radiation escaping from star-forming regions, need 
to be accounted for. 

The correlation of the 250/350 ratio with the 
stellar mass is particularly clear, showing without 
ambiguity the importance of the evolved stellar 
populations driving the temperature of the cold 
dust. Looking at the 350/500 ratio, while the 
trend is still visible, the correlation coefficient is 
weaker. The slightly larger scatter compared to 
the uncertainties may be a weak hint that another 
process is at play in the 500 /im band, though 
the evidence is extremely tenuous. Among pos- 
sible explanations would be, a pollution by very 
cold dust, the variation of the emissivity of the 
cold dust at longer wavelength or changes in the 
physical properties of the dust (Israel et al. 2010; 
Bot et al. 2010). This question will be addressed 
in upcoming IIERM33ES papers using PACS and 
SPIRE data complemented by MAMB02 1.2 mm 
and LABOCA 870 /im data ( Quint ana-Lacaci et 
al. in prep., Anderl et al. in prep.). 

Looking simultaneously at the warm and cold 
dust components can also provide us with infor- 
mation regarding dust heating sources. For in- 
stance as we see in Fig. 3, the relative scatter 
of PACS/SPIRE bands increases with radius. To 
separate the variation of the scatter that is due to 



intrinsic measurement uncertainties from the one 
that is due to physical phenomena in M33, we have 
quadratically subtracted the observed scatter of 
the ratio of the 2 bands from the one determined 
through the noise measurements on the images. 
In some cases the increase of the scatter can be 
entirely attributed to measurement uncertainties. 
However in other cases the scatter is higher than 
what is expected from measurement uncertainties 
only. As an example in the case of 100/250, in 
bins 1 kpc wide the final relative scatter to the 
median goes from 0.18 for regions under 1 kpc up 
to 0.47 for regions between 3 and 4 kpc. Simi- 
larly for 160/250 it goes from 0.12 to 0.40. Such 
an increase in the scatter may be due to a change 
of the dust heating sources: in the inner regions 
with large quantity of young and old stars cre- 
ates a rather uniform radiation field. Conversely 
in the outer regions, the radiation field is more 
dominated by evolved stellar populations with the 
occasional OB stars locally boosting the radiation 
field. This hint is to be taken with great caution 
as it is heavily dependent on the accuracy of un- 
certainty measurements which may be biased as 
explained in Sec. 2.4. 

4.4. Limitations and their impact on the 
results 

4.4- 1- Calibration uncertainties 

Bolometers are relative rather than absolute de- 
tectors, which makes the calibration of the images 
delicate. While this should not affect our results 
that are based on trends, it is more problematic 
for quantitative results in the determination of the 
TIR and the SFR for instance. The most notable 
problem lies with the PACS data. When com- 
paring PACS 160 /im with MIPS 160 /im images, 
the fiuxes are increasingly discrepant as they are 
higher, with a non-linear slope of ~ 1.3 in log 
space leading to an emission "excess" in PACS 
maps (or an emission "deficit" in the MIPS ones) 
for brighter regions. This overestimate primar- 
ily affects the SED fits with the Draine & Li 
(2007) models. Upon examination, it appears that 
the distribution of the difference between the ob- 
served flux and the best model is non-gaussian and 
asymmetric when using the PACS 160 /im band, 
whereas no clear trend is seen either way in the 
case of SPIRE 250 jam for instance. This could 
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affect the estimate of the TIR brightness and of 
the SFR as the PACS bands dominate the energy 
budget in the IR. 

4-4-2- Shallow depth of PACS observations 

The PACS observations are relatively shallow 
compared to the SPIRE maps which are much 
closer to the confusion limit. The main conse- 
quence is that the diffuse emission that is partic- 
ularly prevalent in the MIPS 160 map is hardly 
distinguished in PACS 160 /im. As we require a 
SNR of at least 3 in the final convolved, regis- 
tered maps, much fewer pixels reach that thresh- 
old in external regions for PACS bands compared 
to SPIRE bands, which limits our ability to study 
faint regions. 



4-4-3- Non-linearities in the 
TIR and the SFR 



estimates of the 



We have provided estimates of the TIR and of 
the SFR using one or several infrared bands. To 
take into account the non-linearities, we have per- 
formed the fits in log space. However, depending 
on the threshold to select the pixels to estimate 
the TIR and the SFR the slope varies. Indeed, 
as the threshold increases, that is selecting only 
the ever brighter pixels, the slope to estimate the 
TIR or SFR from individual IR bands increases, 
becoming increasingly non linear, except for the 
24 jivn band which shows unclear trends at higher 
brightness. In Fig. 11 we plot the slope as a func- 
tion of the fraction of the brightest pixels selected 
to determine both the TIR and the SFR. 



To understand the origin of this change of slope 
with increasing brightness, we plot in Fig. 12 mod- 
els from Draine & Li (2007) where we determine 
the slope as a function of the brightness in one 
band. 



Even though this model only has 1 free param- 
eter and provides the local slope rather than the 
global slope over a range of brightnesses, we re- 
trieve the same trends described before: the slope 
from 70 jiia to 500 /im increases with the bright- 
ness, that is selecting only the brightest regions 




Fraction of pixels selected 



Fig. 11. — Change of the slope when selecting only 
the brightest pixels in a given band. On the left 
side of the plot we select all pixels that are de- 
tected with SNR>3 (850 pixels). We then increase 
the fiux threshold selecting fewer and fewer pixels, 
eliminating the faintest ones. The solid lines rep- 
resent the slope is determined the TIR and the 
dashed lines represent the slope to determine the 
SFR brightness. 




Fig. 12.— Slope a = d log TIR/d log F of the re- 
lation to determine the TIR from the brightness 
F in a given band: logTIR = alogF + b. The 
brightness F is in arbitrary units. The slope is 
determine from the Draine & Li (2007) model 
MW3.1_20. The dust is illuminated by a single 
radiation field whose starlight intensity varies be- 
tween U=0.1 and U=25. 
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yields a steeper slope. Conversely the slope at 
24 /im decreases. However we can notice that the 
trend of the 8 jam band does not properly repro- 
duce the observations. One possible explanation 
is that the observed trend is largely defined by 
processes of formation and destruction of PAHs. 
Indeed the Draine & Li (2007) model used here 
has a fixed PAH abundance. At higher luminosity 
the destruction of PAHs can become an impor- 
tant process, which as a result increases the slope. 
For the SFR, the way it is evaluated can also in- 
duce problems as it is not reliable at low surface 
brightness, which should be dominated by diffuse 
emission not necessarily linked to a current star 
formation episode. 

While this model is aimed at reproducing 
trends rather than specific values, the slope for 
the bands tracing the cold dust seems particularly 
high (Fig. 12). The model presented here assumes 
a constant gas mass. In reality, it is well known 
that actively star forming regions contain propor- 
tionally more gas via the Schmidt-Kennicutt law 
(Kennicutt 1998; Kennicutt et al. 2007). It could 
affect the slope determined from the model, in 
combination with a variation of the warm-to-cold 
dust mass ratio as the energy budget of the TIR is 
dominated by the warm component. Indeed in the 
model, if the radiation field increases, the energy 
will be re-radiated by the warm dust with only lit- 
tle change to the emission of the cold dust, which 
yields a steep slope. However, if we consider an 
increase of the mass of the gas (and therefore of 
the dust mass, assuming a constant gas-to-dust 
mass ratio), the cold dust emission will increase in 
proportion (assuming its temperature stays con- 
stant) and the SFR (or TIR) will increase with 
a power around 1.4. This explains why the re- 
lation between the cold dust and the SFR (or 
TIR) is closer to 1.4 than what is predicted by 
the model. Temperature variations in the cold 
dust component, which are driven by variations 
in the old stellar population mix, will also play 
a role. Assuming that the cold dust temperature 
varies between 15 K and 25 K, the emission will 
be increased by a factor 2.7 and 3.5 at 500 /im and 
350 jam respectively, which is much smaller than 
the dynamical range of the data. 



5. Summary and conclusions 

Using Spitzer and Herschel IR data from 3.6 jam 
to 500 /im, along with GALEX FUV data and HI 
and Ra maps, we have studied the properties and 
the origin of the warm and cold dust emission in 
the moderately inclined, local group galaxy M33, 
at a spatial resolution of 150 pc. To do so, we 
have studied the evolution of the dust colors both 
as the position in the galaxy (including the radial 
distance) and the brightness. We have found the 
following results: 

1. The colors of the warm (as seen in the 24 /im 
to 160 /im bands) and cold dust (observed 
from 250 /im to 500 /im) components seem 
to be predominantly driven by the radiation 
field intensity. 

2. Combining any set of Spitzer and Herschel 
bands, we have provided correlations to es- 
timate both the TIR brightness and the 
SFR, extending the results of Boquien et al. 
(2010a,b); Verley et al. (2010), which is of 
importance for the study of high redshift 
galaxies. 

3. The color trends of the warm and the cold 
dust show that they are heated by differ- 
ent sources. At higher SFR, the warm dust 
temperature seems to be driven by star for- 
mation. As star formation decreases, the 
temperature is increasingly driven by an- 
other component, most likely the evolved 
stellar populations. The cold dust temper- 
ature seems to be driven by the old stellar 
population, with a tight correlation with the 
local stellar mass. 

This paper lays the basis of additional studies 
in the context of the HERM33ES project which 
will go in much more detail on some of the points 
elaborated here. Upcoming papers will provide 
further insight on the PAHs emission (Rosolowsky 
et al., in preparation), the local dust temperature 
and mass (Xilouris et al., in preparation), the dust 
properties (Tabatabaei et al., in preparation), the 
HII regions (Relaho et al., in preparation), the lo- 
cal physical conditions using PACS spectroscopy 
(Mookerjea et al., 2011, submitted), etc. 
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Table 1 



0.343 ± 0.012 
0.313 ± 0.011 
0.341 ± 0.013 
0.277 ± 0.022 
0.411 ± 0.021 
0.541 ± 0.017 
0.621 ± 0.014 



0.251 ± 0.009 
0.217 ± 0.009 
0.111 ± 0.012 
0.183 ± 0.013 
0.246 ± 0.011 
0.292 ± 0.011 
0.221 d= 0.009 
0.154 ± 0.012 
0.138 ± 0.011 
0.201 ± 0.010 
0.245 ± 0.009 
0.118 ± 0.015 
0.211 ± 0.015 
0.256 ± 0.013 
0.280 ± 0.012 
0.230 ± 0.022 
0.277 ± 0.022 
0.302 d= 0.022 
0.287 ± 0.033 
0.416 ± 0.027 
0.552 ± 0.019 



0.816 ± 0.006 



0.516 ± 0.011 



0.368 ± 0.016 
0.430 ± 0.011 
0.442 ± 0.009 
0.501 ± 0.010 
0.580 ± 0.010 
0.656 ± 0.010 



0.266 ± 0.012 
0.343 ± 0.009 
0.419 ± 0.009 
0.443 ± 0.010 
0.453 ± 0.010 
0.457 ± 0.011 



0.262 ± 0.012 
0.274 ± 0.010 
0.231 ± 0.010 
0.258 ± 0.011 
0.281 ± 0.013 
0.308 ± 0.007 
0.346 ± 0.009 
0.365 ± 0.009 
0.372 ± 0.010 
0.424 ± 0.009 
0.435 ± 0.009 
0.442 ± 0.009 
0.452 ± 0.010 
0.482 ± 0.010 
0.561 ± 0.010 



0.915 ± 0.006 



0.608 ± 0.011 



0.519 ± 0.017 



0.523 ± 0.014 
0.532 ± 0.012 
0.582 ± 0.009 
0.659 ± 0.009 
0.730 ± 0.009 



0.383 ± 0.013 



0.419 ± 0.011 
0.502 ± 0.011 
0.530 ± 0.009 
0.540 ± 0.009 
0.545 ± 0.010 



0.319 ± 0.014 
0.296 ± 0.012 
0.390 ± 0.011 
0.431 d= 0.012 
0.471 ± 0.014 



0.356 ± 0.010 
0.435 ± 0.009 
0.457 ± 0.010 
0.464 ± 0.011 
0.521 ± 0.010 
0.536 ± 0.011 
0.541 ± 0.011 
0.539 ± 0.009 
0.567 ± 0.009 
0.643 ± 0.009 



0.962 ± 0.007 



0.607 ± 0.015 



0.484 ± 0.013 



0.436 ± 0.015 



0.512 ± 0.013 
0.593 ± 0.015 
0.691 ± 0.014 
0.762 ± 0.012 



0.356 ± 0.012 



0.312 ± 0.012 



0.480 ± 0.013 
0.511 ± 0.015 
0.524 ± 0.014 
0.532 ± 0.014 



0.350 ± 0.012 



0.301 ± 0.008 
0.332 ± 0.011 
0.379 ± 0.012 
0.427 ± 0.012 



0.302 ± 0.010 
0.257 ± 0.011 
0.303 ± 0.011 
0.352 ± 0.012 



0.489 ± 0.013 
0.503 ± 0.013 
0.512 ± 0.013 
0.531 ± 0.017 



1.027 ± 0.008 



0.707 ± 0.027 



0.508 ± 0.011 



0.459 ± 0.013 



0.515 ± 0.014 



0.709 ± 0.031 
0.876 ± 0.025 
0.984 ± 0.021 



0.408 ± 0.016 



0.315 ± 0.017 



0.411 ± 0.019 



0.522 ± 0.034 
0.559 ± 0.034 
0.587 ± 0.035 



0.389 ± 0.010 



0.364 ± 0.008 



0.381 ± 0.017 
0.443 ± 0.016 
0.501 ± 0.014 



0.345 ± 0.010 



0.200 ± 0.018 
0.291 ± 0.017 
0.364 ± 0.017 



0.426 ± 0.021 
0.460 ± 0.019 
0.473 ± 0.018 



1.288 ± 0.013 



0.695 ± 0.032 



0.550 ± 0.016 



0.521 ± 0.013 



0.538 ± 0.021 



0.416 ± 0.039 



2.813 ± 0.088 
1.708 ± 0.043 



0.370 ± 0.019 



0.391 ± 0.015 



0.338 ± 0.023 



0.316 ± 0.038 



1.511 ± 0.173 
0.677 ± 0.076 



0.433 ± 0.011 



0.358 ± 0.013 



0.196 ± 0.021 



1.298 ± 0.058 
0.790 ± 0.029 



0.391 ± 0.011 



0.356 ± 0.019 



1.057 ± 0.049 
0.658 ± 0.025 



0.146 ± 0.025 



1.144 ± 0.079 



1.391 ± 0.018 



0.561 ± 0.029 



0.469 ± 0.018 



0.458 ± 0.014 



0.452 ± 0.021 



0.224 ± 0.035 



2.256 ± 0.089 



0.295 ± 0.017 



0.318 ± 0.013 



0.286 ± 0.019 



0.222 ± 0.032 



-0.712 ± 0.148 



0.457 ± 0.089 



0.372 ± 0.012 



0.295 ± 0.013 

0.109 ± 0.018 
-0.756 ± 0.056 
0.911 ± 0.047 

0.332 ± 0.012 

0.246 ± 0.018 
-0.536 ± 0.047 
0.721 ± 0.040 
0.096 ± 0.021 
-0.591 ± 0.074 



1.400 ± 0.023 



0.459 ± 0.025 



0.345 d= 0.019 



0.362 ± 0.015 



0.369 ± 0.019 



0.068 ± 0.030 



-0.509 ± 0.050 
-0.924 ± 0.094 



0.223 ± 0.015 



0.254 ± 0.012 



0.257 ± 0.016 



0.148 ± 0.028 



0.014 ± 0.055 
0.093 ± 0.075 



0.279 ± 0.013 



0.225 ± 0.012 



0.013 ± 0.016 



-0.257 ± 0.026 
-0.439 ± 0.044 



0.264 ± 0.011 



0.139 ± 0.016 



-0.140 ± 0.022 
-0.256 ± 0.037 



0.068 ± 0.018 



5.899 ± 0.285 
7.240 ± 0.200 
3.319 ± 0.206 
1.568 ± 0.251 
-0.574 ± 0.278 
-8.846 ± 0.419 
-11.673 d= 0.585 
-11.231 d= 0.757 
5.649 ± 0.151 
3.171 ± 0.145 
2.154 ± 0.189 
0.925 ± 0.283 
-2.836 ± 0.467 
-2.469 ± 0.488 
-1.561 ± 0.466 
4.497 ± 0.167 
3.573 ± 0.162 
2.386 ± 0.155 
-0.715 ± 0.269 
-0.424 ± 0.333 
1.312 ± 0.370 
1.757 d= 0.153 
0.674 ± 0.154 
-2.878 ± 0.194 
-3.151 ± 0.246 
-2.200 ± 0.279 
-0.590 ± 0.166 
-3.895 d= 0.281 
-4.136 ± 0.332 
-3.610 d= 0.338 
-3.749 ± 0.395 
-2.858 d= 0.450 
-1.353 ± 0.445 
-3.641 ± 0.467 
-6.389 ± 0.464 
-10.216 ± 0.574 
4.052 ± 0.121 
3.536 ± 0.125 
2.828 ± 0.156 
1.027 ± 0.270 
1.287 ± 0.279 
2.052 ± 0.272 
2.098 ± 0.117 
1.434 ± 0.154 
-1.398 ± 0.210 
-1.272 ± 0.219 
-0.677 ± 0.212 
0.049 ± 0.178 
-1.501 ± 0.304 
-1.600 ± 0.306 
-1.560 ± 0.280 
-1.740 ± 0.420 
-1.341 ± 0.430 
-0.637 ± 0.407 
-2.475 ± 0.467 
-2.844 ± 0.469 
-2.427 ± 0.489 
2.905 ± 0.132 
1.957 ± 0.118 
-1.094 ± 0.167 
-1.104 d= 0.213 
-0.036 ± 0.246 

1.478 ± 0.101 
-0.456 d= 0.190 
-0.447 ± 0.222 
0.148 ± 0.234 
0.768 ± 0.225 
1.228 ± 0.245 
2.237 ± 0.239 
0.796 ± 0.270 
0.213 ± 0.272 
-0.110 d= 0.317 
0.253 ± 0.109 
-2.248 ± 0.152 
-2.455 ± 0.184 
-1.973 ± 0.195 
-2.070 ± 0.194 
-1.823 ± 0.227 
-0.887 ± 0.232 
-1.685 ± 0.209 
-2.361 ± 0.206 
-2.956 ± 0.241 
-1.706 ± 0.252 
-1.569 ± 0.274 
-1.369 ± 0.264 
-2.609 ± 0.316 



0.087 
0.065 
0.059 
0.067 
0.070 
0.084 
0.107 
0.134 
0.046 
0.041 
0.050 
0.064 
0.070 
0.072 
0.073 
0.046 
0.041 
0.036 
0.043 
0.049 
0.055 
0.041 
0.038 
0.034 
0.040 
0.045 
0.042 
0.050 
0.054 
0.056 
0.066 
0.068 
0.070 
0.072 
0.079 
0.101 
0.033 
0.032 
0.034 
0.038 
0.039 
0.041 
0.031 
0.035 
0.031 
0.032 
0.033 
0.040 
0.045 
0.045 
0.044 
0.062 
0.063 
0.063 
0.069 
0.070 
0.072 
0.032 
0.027 
0.026 
0.031 
0.036 
0.023 
0.030 
0.033 
0.035 
0.034 
0.035 
0.036 
0.039 
0.040 
0.046 
0.027 
0.026 
0.029 
0.032 
0.032 
0.034 
0.036 
0.032 
0.033 
0.039 
0.041 
0.041 
0.041 
0.048 



24 



Table 1 — Continued 



- - - 0.583 ±0.016 - 0.599 ± 0.041 

- - - 0.689 ± 0.015 

- - - - 0.560 ±0.032 1.491 ±0.106 

- - - - 0.662 ± 0.030 0.756 ± 0.055 

- - - - 0.836 ± 0.025 
----- 3.206 ±0.106 

0.186 ±0.007 0.213 ± 0.009 0.269 ± 0.011 0.261 ± 0.010 

0.104 ±0.009 0.254 ±0.009 0.293 ± 0.011 - 0.296 ± 0.012 

0.115 ±0.008 0.217 ±0.009 0.359 ± 0.010 - - 0.331 ± 0.012 

0.168 ±0.007 0.220 ± 0.009 0.365 ± 0.010 _ _ _ 

0.207 ±0.007 0.219 ± 0.010 0.371 ± 0.011 _ _ _ 

0.062 ± 0.008 0.300 ± 0.007 - 0.290 ± 0.008 0.314 ± 0.010 

0.128 ±0.009 0.320 ± 0.008 - 0.302 ± 0.010 - 0.250 ± 0.014 

0.163 ±0.008 0.318 ± 0.008 - 0.313 ± 0.010 

0.187 ±0.008 0.310 ± 0.008 - 0.329 ± 0.010 

0.091 ± 0.012 0.408 ± 0.009 - - 0.319 ± 0.019 0.165 ±0.020 

0.114 ±0.012 0.411 ± 0.009 - - 0.337 ± 0.019 

0.121 ±0.013 0.415 ± 0.009 - - 0.372 ± 0.019 

0.124 ±0.019 0.439 ± 0.010 _ _ _ 0.782 ± 0.096 

0.161 ±0.016 0.445 ± 0.010 _ _ _ 0.460 ± 0.042 

0.232 ± 0.013 0.455 ± 0.010 _ _ _ _ 

0.099 ± 0.009 - 0.350 ± 0.010 0.279 ± 0.010 0.261 ± 0.012 

0.110 ±0.008 - 0.404 ± 0.009 0.238 ± 0.010 - 0.297 ± 0.012 

0.151 ±0.007 - 0.402 ± 0.009 0.251 ± 0.010 

0.178 ±0.007 - 0.392 ± 0.009 0.269 ± 0.009 

0.107 ±0.011 - 0.501 ± 0.010 - 0.132 ±0.018 0.312 ± 0.019 

0.152 ±0.011 - 0.506 ± 0.010 - 0.149 ±0.019 

0.183 ±0.012 - 0.508 ± 0.010 - 0.161 ±0.020 

0.105 ±0.015 - 0.526 ± 0.009 - - 0.624 ± 0.079 

0.143 ±0.013 - 0.530 ± 0.009 - - 0.372 ± 0.034 

0.202 ± 0.010 - 0.540 ± 0.009 _ _ _ 

0.106 ±0.015 - - 0.466 ±0.013 0.353 ± 0.022 0.113 ±0.025 

0.121 ±0.014 - - 0.469 ± 0.013 0.348 ± 0.022 

0.138 ±0.015 - - 0.474 ±0.013 0.329 ± 0.023 

0.252 ± 0.022 - - 0.523 ± 0.015 - 0.030 ±0.121 

0.276 ± 0.017 - - 0.530 ± 0.015 - 0.015 ± 0.051 

0.286 ± 0.014 - - 0.535 ± 0.014 

0.122 ±0.031 _ _ _ 0.515 ± 0.034 1.044 ±0.156 

0.181 ±0.028 _ _ _ 0.542 ± 0.035 0.481 ± 0.068 

0.251 ± 0.025 _ _ _ 0.576 ±0.035 

0.266 ± 0.033 _ _ _ _ 1.944 ±0.187 

0.220 ± 0.006 0.202 ± 0.008 0.243 ± 0.007 0.311 ± 0.007 

0.196 ±0.007 0.295 ± 0.008 0.217 ± 0.008 - 0.336 ± 0.008 

0.207 ±0.008 0.306 ± 0.010 0.255 ± 0.009 

0.210 ± 0.009 0.311 ± 0.011 0.298 ± 0.010 

0.236 ± 0.008 0.321 ± 0.010 - 0.212 ± 0.013 0.257 ± 0.014 

0.250 ± 0.009 0.319 ± 0.011 - 0.278 ± 0.012 

0.263 ± 0.009 0.311 ± 0.012 - 0.340 ± 0.012 

0.221 ± 0.009 0.362 ± 0.010 - - 0.893 ± 0.038 

0.232 ± 0.009 0.374 ±0.010 - - 0.573 ± 0.019 

0.260 ± 0.011 0.412 ± 0.012 _ _ _ 

0.304 ± 0.007 - 0.289 ± 0.008 0.306 ± 0.011 0.099 ± 0.014 

0.306 ± 0.007 - 0.296 ± 0.008 0.326 ± 0.010 

0.306 ± 0.007 - 0.303 ± 0.008 0.346 ± 0.010 

0.337 ±0.009 - 0.301 ± 0.012 - 0.739 ± 0.048 

0.347 ±0.009 - 0.317 ±0.012 - 0.444 ± 0.025 

0.369 ± 0.009 - 0.364 ±0.012 

0.406 ± 0.009 - - 0.329 ±0.018 0.675 ± 0.059 

0.413 ± 0.008 - - 0.362 ± 0.016 0.402 ± 0.029 

0.427 ±0.008 - - 0.424 ± 0.015 

0.448 ± 0.010 _ _ _ 1.368 ±0.072 

0.377 ±0.009 0.254 ±0.010 0.194 ±0.013 0.233 ± 0.015 

0.374 ±0.009 0.276 ±0.010 0.239 ± 0.012 

0.368 ± 0.010 0.295 ± 0.010 0.267 ± 0.012 

0.424 ± 0.009 0.234 ±0.011 - 0.697 ± 0.043 

0.434 ± 0.009 0.251 ± 0.011 - 0.425 ± 0.022 

0.458 ± 0.010 0.297 ±0.012 

0.500 ± 0.010 - 0.157 ±0.018 0.813 ± 0.054 

0.508 ± 0.010 - 0.195 ±0.017 0.486 ± 0.028 

0.524 ± 0.010 - 0.284 ±0.017 

0.532 ± 0.009 - - 1.211 ±0.059 

- - - 0.473 ± 0.014 0.405 ± 0.022 0.372 ± 0.078 

- - - 0.484 ±0.014 0.425 ± 0.021 0.176 ±0.039 

- - - 0.500 ± 0.014 0.460 ±0.019 

- - - 0.526 ± 0.016 - 1.498 ±0.088 

- - - - 0.548 ±0.034 1.580 ±0.137 
0.067 ±0.006 0.210 ± 0.006 0.205 ±0.007 0.230 ± 0.006 0.255 ± 0.008 

0.094 ±0.006 0.187 ±0.006 0.275 ±0.007 0.203 ± 0.007 - 0.259 ± 0.009 

0.130 ±0.005 0.186 ±0.006 0.274 ±0.007 0.215 ± 0.007 

0.156 ±0.005 0.179 ±0.006 0.271 ± 0.008 0.233 ± 0.007 

0.075 ± 0.008 0.225 ± 0.008 0.316 ± 0.010 - 0.164 ±0.013 0.230 ± 0.014 

0.108 ±0.008 0.229 ± 0.008 0.317 ± 0.010 - 0.179 ±0.013 

0.127 ±0.009 0.232 ± 0.009 0.315 ± 0.011 - 0.202 ± 0.015 

0.083 ± 0.012 0.217 ±0.009 0.355 ± 0.010 - - 0.552 ± 0.060 

0.107 ±0.010 0.218 ± 0.009 0.358 ± 0.010 - - 0.365 ± 0.026 

0.160 ±0.008 0.223 ± 0.009 0.364 ± 0.010 _ _ _ 



- 


-0.059 ± 0.034 


-3.699 ± 0.303 


0.050 


0.476 ± 0.061 


-0.022 ± 0.054 


-4.125 ± 0.334 


0.054 


-0.996 ± 0.093 


- 


-1.779 ± 0.413 


0.061 


- 


-0.341 ± 0.040 


-2.442 ± 0.410 


0.063 


0.719 ± 0.074 


-0.472 ± 0.063 


-2.515 ± 0.439 


0.066 


-2.612 ± 0.173 


0.506 ± 0.080 


-3.317 ± 0.459 


0.070 


- 


- 


2.979 ± 0.096 


0.024 


- 


- 


2.378 ± 0.116 


0.025 


- 


- 


0.028 ± 0.169 


0.024 


0.267 ± 0.010 


- 


0.168 ± 0.177 


0.025 


- 


0.206 ± 0.009 


0.775 ± 0.179 


0.026 


- 


- 


1.759 ± 0.105 


0.022 


- 


- 


0.740 ± 0.191 


0.027 


0.209 ± 0.012 


- 


0.692 ± 0.193 


0.027 


- 


0.174 ± 0.010 


0.887 ± 0.184 


0.027 


- 


- 


1.388 ± 0.234 


0.033 


0.114 ± 0.017 


- 


1.623 ± 0.237 


0.033 


- 


0.048 ± 0.015 


2.304 ± 0.228 


0.034 


-0.356 ± 0.082 


- 


1.170 ± 0.269 


0.038 


- 


-0.073 ± 0.030 


1.080 ± 0.270 


0.038 


0.408 ± 0.048 


-0.102 ± 0.041 


1.264 ± 0.278 


0.039 


- 


- 


0.771 ± 0.113 


0.025 


- 


- 


-1.118 ± 0.162 


0.024 


0.248 ± 0.010 


- 


-1.161 ± 0.163 


0.024 


- 


0.210 ± 0.009 


-0.924 ± 0.152 


0.024 


- 


- 


-1.198 ± 0.206 


0.030 


0.243 ± 0.016 


- 


-1.047 ± 0.213 


0.031 


- 


0.183 ± 0.014 


-0.482 ± 0.206 


0.032 


-0.201 ± 0.067 


- 


-1.305 ± 0.211 


0.031 


- 


0.015 ± 0.025 


-1.406 ± 0.210 


0.031 


0.308 ± 0.040 


0.009 ± 0.034 


-1.268 ± 0.219 


0.032 


- 


- 


-0.878 ± 0.270 


0.040 


0.104 ± 0.021 


- 


-0.989 ± 0.272 


0.040 


- 


0.105 ± 0.018 


-1.042 ± 0.253 


0.039 


0.261 ± 0.101 


- 


-1.603 ± 0.306 


0.045 


- 


0.248 ± 0.035 


-1.588 ± 0.296 


0.044 


-0.060 ± 0.056 


0.304 ± 0.046 


-1.447 ± 0.299 


0.044 


-0.632 ± 0.131 


- 


-1.434 ± 0.419 


0.061 


- 


-0.144 ± 0.050 


-1.618 ± 0.420 


0.061 


0.380 ± 0.077 


-0.151 ± 0.067 


-1.374 ± 0.429 


0.062 


-1.561 ± 0.211 


0.433 ± 0.078 


-2.284 ± 0.461 


0.068 


- 


- 


1.361 ± 0.076 


0.017 


- 


- 


-0.831 ± 0.122 


0.019 


0.282 ± 0.009 


- 


-0.922 ± 0.151 


0.022 


- 


0.217 ± 0.009 


-0.391 ± 0.168 


0.025 


- 


- 


-0.200 ± 0.154 


0.023 


0.171 ± 0.013 


- 


0.109 ± 0.177 


0.025 


- 


0.076 ± 0.012 


1.048 ± 0.182 


0.026 


-0.455 ± 0.036 


- 


-0.156 ± 0.170 


0.024 


- 


-0.144 ± 0.017 


-0.555 ± 0.171 


0.025 


0.649 ± 0.031 


-0.271 ± 0.028 


-0.880 ± 0.204 


0.030 


- 


- 


0.702 ± 0.146 


0.022 


0.068 ± 0.012 


- 


0.774 ± 0.156 


0.022 


- 


0.030 ± 0.010 


1.126 ± 0.154 


0.023 


-0.367 ± 0.045 


- 


0.253 ± 0.202 


0.029 


- 


-0.082 ± 0.020 


-0.170 ± 0.200 


0.030 


0.432 ± 0.037 


-0.129 ± 0.032 


-0.354 ± 0.222 


0.032 


-0.436 ± 0.050 


- 


1.439 ± 0.229 


0.033 


- 


-0.201 ± 0.021 


1.420 ± 0.224 


0.032 


0.452 ± 0.037 


-0.325 ± 0.031 


1.388 ± 0.232 


0.033 


-0.896 ± 0.103 


0.074 ± 0.045 


0.808 ± 0.269 


0.039 


- 


- 


-1.472 ± 0.145 


0.023 


0.169 ± 0.013 


- 


-1.428 ± 0.162 


0.024 


- 


0.116 ± 0.011 


-1.045 ± 0.161 


0.025 


-0.294 ± 0.040 


- 


-1.647 ± 0.168 


0.026 


- 


-0.032 ± 0.018 


-2.142 ± 0.163 


0.026 


0.396 ± 0.033 


-0.060 ± 0.029 


-2.425 ± 0.184 


0.029 


-0.421 ± 0.047 


- 


-1.303 ± 0.205 


0.030 


- 


-0.129 ± 0.020 


-1.616 ± 0.203 


0.031 


0.482 ± 0.038 


-0.226 ± 0.032 


-1.681 ± 0.221 


0.033 


-0.854 ± 0.083 


0.169 ± 0.036 


-1.601 ± 0.208 


0.031 


-0.201 ± 0.066 


- 


-1.376 ± 0.273 


0.041 


- 


-0.027 ± 0.028 


-1.621 ± 0.267 


0.041 


0.118 ± 0.049 


-0.020 ± 0.041 


-1.559 ± 0.274 


0.041 


-1.377 ± 0.121 


0.433 ± 0.053 


-2.342 ± 0.306 


0.047 


-1.150 ± 0.176 


0.077 ± 0.075 


-1.771 ± 0.413 


0.061 


- 


- 


1.665 ± 0.075 


0.016 


- 


- 


0.068 ± 0.119 


0.017 


0.215 ± 0.007 


- 


0.037 ± 0.121 


0.017 


- 


0.176 ± 0.006 


0.295 ± 0.118 


0.017 


- 


- 


0.332 ± 0.157 


0.022 


0.175 ± 0.012 


- 


0.494 ± 0.163 


0.022 


- 


0.114 ± 0.011 


1.106 ± 0.164 


0.024 


-0.191 ± 0.051 


- 


0.114 ± 0.169 


0.023 


- 


-0.028 ± 0.019 


0.051 ± 0.170 


0.024 


0.332 ± 0.030 


-0.059 ± 0.026 


0.158 ± 0.177 


0.024 
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8.0 24 70 100 



0.053 ± 0.008 0.298 ± 0.007 - 0.281 ± 0.008 0.272 ± 0.012 

0.065 ± 0.008 0.297 ±0.007 - 0.284 ± 0.008 0.271 ± 0.012 

0.072 ± 0.008 0.296 d= 0.007 - 0.290 ± 0.008 0.276 ± 0.013 

0.148 d= 0.013 0.319 ± 0.008 - 0.308 ± 0.011 

0.154 d= 0.011 0.313 ± 0.008 - 0.313 ± 0.011 

0.173 ±0.009 0.313 ± 0.008 - 0.320 ± 0.010 

0.035 ± 0.017 0.404 ±0.009 - - 0.318 ± 0.018 

0.034 ±0.015 0.409 ± 0.009 - - 0.342 ± 0.019 

0.071 ± 0.013 0.414 ±0.009 - - 0.362 ± 0.019 

0.122 ±0.019 0.436 ± 0.010 _ _ _ 

0.075 ± 0.008 - 0.370 ± 0.009 0.242 ± 0.009 0.146 ±0.014 

0.103 ±0.008 - 0.368 ± 0.009 0.251 ± 0.009 0.148 ±0.013 

0.125 ±0.008 - 0.364 ± 0.009 0.264 ± 0.009 0.139 ±0.014 

0.131 ±0.012 - 0.403 ± 0.009 0.244 ± 0.010 

0.145 ±0.010 - 0.396 ± 0.009 0.253 ± 0.010 

0.166 ±0.008 - 0.395 ± 0.009 0.261 ± 0.010 

0.072 ± 0.015 - 0.497 ±0.010 - 0.133 ±0.018 

0.099 ± 0.014 - 0.500 ± 0.010 - 0.136 ±0.019 

0.143 ±0.012 - 0.505 ± 0.010 - 0.156 ±0.019 

0.099 ± 0.015 - 0.521 ± 0.009 

0.142 ±0.020 - - 0.476 ± 0.014 0.352 ± 0.022 

0.146 ±0.018 - - 0.478 ± 0.014 0.331 ± 0.023 

0.143 ±0.016 - - 0.477 ±0.013 0.329 ± 0.023 

0.234 ±0.021 - - 0.519 ± 0.015 

0.122 ±0.031 _ _ _ 0.503 ±0.036 

0.201 ± 0.005 0.230 ± 0.007 0.213 ± 0.006 0.205 ± 0.008 

0.206 ± 0.006 0.224 ±0.007 0.228 ± 0.006 0.237 ± 0.008 

0.209 ± 0.006 0.216 ± 0.008 0.242 ± 0.006 0.266 ± 0.008 

0.193 ±0.007 0.287 ± 0.008 0.198 ±0.008 

0.198 ±0.007 0.293 ± 0.008 0.208 ± 0.008 

0.210 ± 0.008 0.305 ± 0.010 0.242 ± 0.009 

0.228 ± 0.008 0.312 ± 0.010 - 0.179 ±0.013 

0.236 ± 0.008 0.308 ± 0.010 - 0.207 ± 0.012 

0.253 ± 0.008 0.305 ± 0.010 - 0.271 ± 0.012 

0.218 ± 0.009 0.362 ± 0.010 

0.303 ± 0.007 - 0.281 ± 0.009 0.296 ± 0.012 

0.305 ± 0.007 - 0.278 ± 0.009 0.303 ± 0.011 

0.309 ± 0.007 - 0.283 ± 0.009 0.325 ± 0.010 

0.328 ± 0.009 - 0.305 ± 0.011 

0.410 ± 0.009 - - 0.353 ±0.018 

0.376 ± 0.009 0.242 ± 0.010 0.178 ±0.014 

0.377 ±0.009 0.251 ± 0.010 0.193 ±0.013 

0.375 ± 0.009 0.270 ± 0.010 0.238 ± 0.012 

0.413 ± 0.009 0.239 ±0.011 

0.500 ± 0.010 - 0.145 ±0.019 

- - - 0.474 ±0.014 0.382 ± 0.023 

0.052 ± 0.005 0.195 ±0.005 0.229 ± 0.006 0.206 ± 0.006 0.172 ±0.008 

0.073 ± 0.005 0.195 ±0.005 0.228 ± 0.006 0.213 ± 0.006 0.173 ±0.008 

0.087 ±0.005 0.192 ±0.005 0.226 ± 0.007 0.224 ± 0.006 0.176 ±0.009 

0.109 ±0.008 0.186 ±0.006 0.275 ± 0.007 0.208 ± 0.007 

0.115 ±0.007 0.182 ±0.006 0.274 ± 0.007 0.212 ± 0.007 

0.137 ±0.006 0.183 ±0.006 0.273 ± 0.007 0.220 ± 0.007 

0.042 ± 0.011 0.225 ± 0.008 0.313 ± 0.010 - 0.165 ±0.013 

0.047 ±0.010 0.230 ± 0.008 0.310 ± 0.010 - 0.178 ±0.013 

0.083 ± 0.009 0.235 ± 0.008 0.309 ± 0.010 - 0.197 ±0.014 

0.082 ± 0.012 0.214 ±0.009 0.355 ± 0.010 

0.070 ± 0.011 0.297 ±0.007 - 0.286 ± 0.009 0.272 ± 0.012 

0.053 ± 0.010 0.298 ± 0.007 - 0.281 ± 0.009 0.272 ± 0.013 

0.058 ± 0.009 0.299 ± 0.007 - 0.281 ± 0.008 0.276 ± 0.012 

0.144 ±0.013 0.312 ± 0.008 - 0.311 ± 0.011 

0.033 ± 0.017 0.409 ± 0.009 - - 0.342 ± 0.019 

0.096 ± 0.012 - 0.369 ± 0.009 0.248 ± 0.010 0.146 ±0.014 

0.102 ±0.010 - 0.368 ± 0.009 0.252 ± 0.009 0.132 ±0.014 

0.115 ±0.009 - 0.367 ±0.009 0.257 ± 0.009 0.138 ±0.014 

0.125 ±0.012 - 0.394 ±0.009 0.248 ± 0.010 

0.072 ± 0.015 - 0.497 ±0.010 - 0.121 ±0.019 

0.143 ±0.020 - - 0.477 ±0.014 0.328 ± 0.024 

0.200 ± 0.005 0.230 ± 0.007 0.205 ± 0.006 0.194 ±0.008 

0.203 ± 0.005 0.228 ± 0.007 0.206 ± 0.006 0.204 ± 0.008 

0.209 ± 0.005 0.223 ± 0.007 0.216 ± 0.006 0.236 ± 0.007 

0.187 ±0.007 0.285 ± 0.008 0.202 ± 0.008 

0.231 ± 0.008 0.309 ± 0.010 - 0.189 ±0.013 

0.306 ± 0.007 - 0.279 ±0.009 0.306 ± 0.012 

0.375 ± 0.009 0.244 ±0.010 0.161 ±0.014 

0.066 ± 0.007 0.195 ±0.005 0.229 ± 0.006 0.211 ± 0.006 0.172 ±0.008 

0.058 ± 0.006 0.194 ±0.005 0.230 ± 0.006 0.209 ± 0.006 0.169 ±0.008 

0.070 ± 0.006 0.196 ±0.005 0.228 ± 0.006 0.212 ± 0.006 0.175 ±0.008 

0.106 ±0.008 0.181 ±0.006 0.273 ± 0.007 0.211 ± 0.007 

0.042 ± 0.011 0.228 ± 0.008 0.310 ± 0.010 - 0.175 ±0.014 

0.069 ± 0.011 0.300 ± 0.007 - 0.284 ± 0.009 0.281 ± 0.013 

0.096 ± 0.011 - 0.368 ± 0.009 0.250 ± 0.009 0.129 ±0.014 

0.201 ± 0.005 0.229 ± 0.007 0.205 ± 0.006 0.196 ±0.009 

0.066 ± 0.007 0.195 ±0.005 0.229 ± 0.006 0.210 ± 0.006 0.173 ±0.009 



0.083 ± 0.014 


_ 


_ 


1.068 ± 0.153 


0.021 


- 


0.072 ± 0.011 


- 


1.017 ± 0.154 


0.021 


- 


- 


0.050 ± 0.010 


1.211 ± 0.148 


0.022 


0.109 ± 0.072 


0.120 ± 0.061 


- 


0.686 ± 0.193 


0.027 


0.133 ± 0.031 


- 


0.091 ± 0.022 


0.662 ± 0.190 


0.027 


- 


0.114 ± 0.035 


0.084 ± 0.029 


0.699 ± 0.192 


0.027 


0.552 ± 0.084 


-0.335 ± 0.070 


- 


1.521 ± 0.232 


0.032 


0.354 ± 0.036 


- 


-0.166 ± 0.026 


1.536 ± 0.229 


0.032 


- 


0.364 ± 0.040 


-0.238 ± 0.035 


1.594 ± 0.231 


0.032 


0.837 ± 0.107 


-0.460 ± 0.120 


0.052 ± 0.044 


1.173 ± 0.269 


0.038 


0.207 ± 0.014 


- 


- 


-0.892 ± 0.153 


0.022 


- 


0.174 ± 0.012 


- 


-0.939 ± 0.154 


0.022 


- 


- 


0.149 ± 0.010 


-0.752 ± 0.144 


0.022 


0.139 ± 0.064 


0.134 ± 0.054 


- 


-1.172 ± 0.163 


0.024 


0.133 ± 0.027 


- 


0.127 ± 0.019 


-1.170 ± 0.158 


0.023 


- 


0.096 ± 0.030 


0.134 ± 0.025 


-1.101 ± 0.161 


0.024 


0.552 ± 0.077 


-0.209 ± 0.065 


- 


-1.101 ± 0.207 


0.030 


0.340 ± 0.034 


- 


-0.025 ± 0.025 


-1.178 ± 0.207 


0.030 


- 


0.297 ± 0.038 


-0.051 ± 0.033 


-1.059 ± 0.213 


0.031 


0.782 ± 0.087 


-0.498 ± 0.097 


0.149 ± 0.036 


-1.251 ± 0.209 


0.031 


-0.155 ± 0.107 


0.229 ± 0.089 


- 


-0.970 ± 0.272 


0.039 


-0.040 ± 0.046 


- 


0.129 ± 0.033 


-0.964 ± 0.269 


0.039 


- 


-0.048 ± 0.050 


0.142 ± 0.043 


-0.952 ± 0.270 


0.039 


0.410 ± 0.128 


-0.470 ± 0.140 


0.369 ± 0.050 


-1.447 ± 0.298 


0.044 


1.135 ± 0.178 


-0.788 ± 0.198 


0.079 ± 0.075 


-1.425 ± 0.419 


0.061 


0.167 ± 0.009 


- 


- 


0.027 ± 0.097 


0.014 


- 


0.121 ± 0.008 


- 


0.094 ± 0.108 


0.015 


- 


- 


0.070 ± 0.007 


0.524 ± 0.112 


0.016 


0.609 ± 0.031 


-0.262 ± 0.028 


- 


-0.316 ± 0.129 


0.018 


0.393 ± 0.016 


- 


-0.054 ± 0.013 


-0.640 ± 0.129 


0.019 


- 


0.398 ± 0.025 


-0.108 ± 0.022 


-0.842 ± 0.150 


0.022 


0.610 ± 0.039 


-0.323 ± 0.034 


- 


0.326 ± 0.156 


0.022 


0.390 ± 0.020 


- 


-0.132 ± 0.014 


0.271 ± 0.155 


0.022 


- 


0.423 ± 0.026 


-0.242 ± 0.022 


0.278 ± 0.166 


0.023 


0.956 ± 0.046 


-0.583 ± 0.064 


0.067 ± 0.028 


-0.144 ± 0.170 


0.024 


0.216 ± 0.042 


-0.105 ± 0.035 


- 


0.865 ± 0.155 


0.022 


0.160 ± 0.021 


- 


-0.057 ± 0.015 


0.889 ± 0.153 


0.022 


- 


0.186 ± 0.026 


-0.110 ± 0.022 


0.848 ± 0.155 


0.022 


0.870 ± 0.056 


-0.640 ± 0.076 


0.147 ± 0.034 


0.270 ± 0.200 


0.028 


0.474 ± 0.076 


-0.098 ± 0.095 


-0.166 ± 0.040 


1.458 ± 0.227 


0.032 


0.408 ± 0.045 


-0.157 ± 0.038 


- 


-1.215 ± 0.157 


0.023 


0.256 ± 0.023 


- 


-0.021 ± 0.016 


-1.405 ± 0.154 


0.023 


- 


0.225 ± 0.029 


-0.052 ± 0.024 


-1.403 ± 0.162 


0.024 


0.881 ± 0.048 


-0.686 ± 0.066 


0.211 ± 0.029 


-1.542 ± 0.164 


0.025 


0.901 ± 0.069 


-0.573 ± 0.088 


0.076 ± 0.037 


-1.295 ± 0.204 


0.030 


0.530 ± 0.096 


-0.478 ± 0.118 


0.140 ± 0.050 


-1.359 ± 0.272 


0.040 


0.152 ± 0.009 


- 


- 


0.387 ± 0.098 


0.013 


- 


0.127 ± 0.007 


- 


0.354 ± 0.099 


0.013 


- 


- 


0.097 ± 0.006 


0.601 ± 0.098 


0.014 


0.150 ± 0.045 


0.092 ± 0.037 


- 


0.027 ± 0.120 


0.017 


0.166 ± 0.019 


- 


0.073 ± 0.013 


0.009 ± 0.118 


0.016 


- 


0.149 ± 0.021 


0.059 ± 0.018 


0.045 ± 0.120 


0.017 


0.461 ± 0.055 


-0.200 ± 0.047 


- 


0.423 ± 0.157 


0.021 


0.322 ± 0.024 


- 


-0.082 ± 0.018 


0.427 ± 0.157 


0.021 


- 


0.320 ± 0.027 


-0.139 ± 0.024 


0.504 ± 0.160 


0.022 


0.608 ± 0.067 


-0.296 ± 0.075 


0.052 ± 0.028 


0.117 ± 0.169 


0.023 


-0.040 ± 0.058 


0.104 ± 0.048 


- 


1.020 ± 0.154 


0.021 


0.082 ± 0.025 


- 


0.000 ± 0.018 


1.067 ± 0.154 


0.021 


- 


0.117 ± 0.028 


-0.042 ± 0.024 


1.019 ± 0.153 


0.021 


0.233 ± 0.079 


-0.119 ± 0.086 


0.122 ± 0.032 


0.689 ± 0.191 


0.027 


0.358 ± 0.095 


-0.005 ± 0.106 


-0.165 ± 0.040 


1.537 ± 0.230 


0.032 


0.053 ± 0.061 


0.131 ± 0.050 


- 


-0.945 ± 0.154 


0.022 


0.103 ± 0.026 


- 


0.087 ± 0.019 


-0.950 ± 0.152 


0.022 


- 


0.090 ± 0.029 


0.079 ± 0.024 


-0.918 ± 0.153 


0.022 


0.330 ± 0.068 


-0.234 ± 0.075 


0.187 ± 0.027 


-1.102 ± 0.159 


0.023 


0.641 ± 0.088 


-0.361 ± 0.098 


0.077 ± 0.037 


-1.092 ± 0.206 


0.030 


0.004 ± 0.119 


-0.052 ± 0.129 


0.143 ± 0.048 


-0.952 ± 0.271 


0.039 


0.292 ± 0.027 


-0.111 ± 0.023 


- 


0.199 ± 0.102 


0.014 


0.214 ± 0.014 


- 


-0.043 ± 0.010 


0.174 ± 0.101 


0.014 


- 


0.228 ± 0.018 


-0.100 ± 0.015 


0.164 ± 0.106 


0.015 


0.714 ± 0.036 


-0.479 ± 0.048 


0.117 ± 0.021 


-0.299 ± 0.126 


0.018 


0.537 ± 0.051 


-0.200 ± 0.064 


-0.061 ± 0.027 


0.342 ± 0.156 


0.022 


0.139 ± 0.052 


0.029 ± 0.064 


-0.067 ± 0.027 


0.878 ± 0.155 


0.022 


0.531 ± 0.055 


-0.372 ± 0.067 


0.109 ± 0.028 


-1.202 ± 0.155 


0.023 


0.050 ± 0.037 


0.087 ± 0.030 


- 


0.348 ± 0.099 


0.013 


0.129 ± 0.016 


- 


0.019 ± 0.011 


0.365 ± 0.099 


0.013 


- 


0.145 ± 0.017 


-0.017 ± 0.015 


0.356 ± 0.099 


0.013 


0.252 ± 0.048 


-0.103 ± 0.053 


0.100 ± 0.019 


0.033 ± 0.118 


0.016 


0.393 ± 0.064 


-0.084 ± 0.071 


-0.058 ± 0.027 


0.438 ± 0.157 


0.021 


-0.108 ± 0.065 


0.225 ± 0.071 


-0.062 ± 0.027 


1.030 ± 0.153 


0.021 


0.177 ± 0.067 


-0.086 ± 0.073 


0.111 ± 0.027 


-0.931 ± 0.153 


0.022 


0.274 ± 0.034 


-0.081 ± 0.042 


-0.015 ± 0.018 


0.203 ± 0.102 


0.014 


0.039 ± 0.041 


0.107 ± 0.045 


-0.010 ± 0.017 


0.351 ± 0.099 


0.013 



Note. — Coefficients of the fit of the combination of any number of Spitzer and Herschel bands from 8.0 ^m to 500 ^m to estimate the TIR luminosity. The last column give 
0-, the standard deviation of the TIR luminosity around the best fit. The fitted relation is of the form: log Lrpj^ = ^^=1 °'i ^°S ^i + ^' ^^^^ ^i i" ^^ kpc"^. The relation has 
been derived for brightnesses in the following range: 32.37 < log 8 < 34.45, 31.98 < log 24 < 34.54, 32.60 < log 70 < 34.95, 33.29 < log 100 < 35.08, 33.06 < log 160 < 34.79, 
32.65 < log 250 < 34.18, 32.12 < log 350 < 33.65,31.60 < log 500 < 33.10, where the brightness is in units of W kpc"^. 
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0.835 ± 0.023 



-0.370 ± 0.039 
-0.475 ± 0.037 
-0.191 ± 0.049 
-0.198 ± 0.073 
0.154 ± 0.067 
0.380 ± 0.053 
0.488 ± 0.042 



-0.611 ± 0.035 
-0.552 ± 0.042 
-0.647 ± 0.055 
-0.464 ± 0.051 
-0.413 ± 0.045 
-0.390 ± 0.041 
-0.569 ± 0.039 
-0.555 ± 0.050 
-0.594 ± 0.048 
-0.542 ± 0.042 
-0.520 ± 0.039 
-0.544 ± 0.065 
-0.302 ± 0.061 
-0.260 ± 0.054 
-0.258 ± 0.051 
-0.240 ± 0.075 
-0.199 ± 0.073 
-0.188 ± 0.075 
-0.238 ± 0.105 
0.153 ± 0.085 
0.427 ± 0.060 



0.920 ± 0.015 



1.244 ± 0.037 



0.337 ± 0.052 
0.770 ± 0.045 
0.991 ± 0.041 
1.054 ± 0.038 
1.001 ± 0.034 
0.953 ± 0.030 



0.586 ± 0.047 
0.993 ± 0.044 
1.128 ± 0.040 
1.201 ± 0.040 
1.215 ± 0.040 
1.220 ± 0.040 



0.376 ± 0.054 
0.453 ± 0.051 
0.489 ± 0.053 
0.436 ± 0.053 
0.391 ± 0.054 
0.852 ± 0.049 
0.877 ± 0.047 
0.835 ± 0.047 
0.805 ± 0.047 
1.026 ± 0.042 
1.002 ± 0.041 
0.992 ± 0.041 
1.114 ± 0.041 
1.082 ± 0.039 
1.023 ± 0.034 



1.038 ± 0.016 



1.503 ± 0.039 



0.676 ± 0.058 



1.040 ± 0.052 
1.339 ± 0.047 
1.224 ± 0.040 
1.142 ± 0.035 
1.067 ± 0.031 



1.008 ± 0.053 



1.310 ± 0.050 

1.449 ± 0.045 

1.450 ± 0.041 
1.462 ± 0.040 
1.460 ± 0.040 



0.748 ± 0.066 
0.950 ± 0.063 
0.818 ± 0.058 
0.755 ± 0.058 
0.706 ± 0.058 



1.245 ± 0.058 
1.126 ± 0.053 
1.084 ± 0.053 
1.054 ± 0.053 
1.339 ± 0.047 
1.342 ± 0.047 
1.358 ± 0.047 
1.344 ± 0.043 
1.296 ± 0.040 
1.196 ± 0.036 



1.043 ± 0.021 



1.242 ± 0.055 



0.189 ± 0.053 



-0.003 ± 0.055 



0.894 ± 0.058 
1.043 ± 0.057 
1.006 ± 0.048 
0.948 ± 0.040 



0.515 ± 0.054 



0.318 ± 0.054 



1.040 ± 0.059 
1.161 ± 0.061 
1.175 ± 0.059 
1.160 ± 0.058 



-0.126 ± 0.057 



0.312 ± 0.060 
0.382 ± 0.059 
0.294 ± 0.057 
0.223 ± 0.055 



0.162 ± 0.058 
0.171 ± 0.062 
0.086 ± 0.060 
0.017 ± 0.058 



0.948 ± 0.061 
0.906 ± 0.059 
0.894 ± 0.058 
1.146 ± 0.064 



1.065 ± 0.025 



1.293 ± 0.088 



-0.097 ± 0.052 



-0.362 ± 0.053 



0.171 ± 0.063 



0.936 ± 0.098 
0.995 ± 0.077 
0.996 ± 0.062 



0.487 ± 0.069 



0.160 ± 0.069 



0.650 ± 0.083 



1.132 ± 0.115 
1.223 ± 0.114 
1.243 ± 0.116 



-0.478 ± 0.052 



-0.246 ± 0.059 



0.140 ± 0.082 
-0.001 ± 0.072 
-0.090 ± 0.066 



-0.424 ± 0.057 



-0.374 ± 0.084 
-0.471 ± 0.075 
-0.561 ± 0.069 



0.386 ± 0.094 
0.244 ± 0.084 
0.102 ± 0.080 



1.319 ± 0.033 



1.097 ± 0.103 



-0.234 ± 0.062 



-0.292 ± 0.057 



0.000 ± 0.077 



0.170 ± 0.125 



2.593 ± 0.267 
1.481 ± 0.120 



0.219 ± 0.077 



0.267 ± 0.069 



0.287 ± 0.096 



0.275 ± 0.128 



3.671 ± 0.547 
1.102 ± 0.242 



-0.478 ± 0.058 



-0.455 ± 0.069 



-0.364 ± 0.098 



-1.140 ± 0.239 
-0.581 ± 0.114 



-0.379 ± 0.065 



0.016 ± 0.089 



-1.783 ± 0.229 
-0.922 ± 0.110 



-0.354 ± 0.115 



-1.003 ± 0.304 



1.430 ± 0.039 



0.848 ± 0.089 



-0.161 ± 0.060 



-0.186 ± 0.056 



0.063 ± 0.073 



0.104 ± 0.109 



-1.424 ± 0.296 



1.792 ± 0.203 



0.132 ± 0.066 



0.191 ± 0.059 

0.231 ± 0.080 

0.106 ± 0.108 
-2.246 ± 0.469 
0.401 ± 0.277 

-0.333 ± 0.057 

-0.297 ± 0.065 

-0.160 ± 0.084 
0.915 ± 0.233 
-0.664 ± 0.165 

-0.222 ± 0.061 

0.159 ± 0.078 
1.490 ± 0.222 
-1.063 ± 0.158 
-0.126 ± 0.097 
0.977 ± 0.286 



1.459 ± 0.042 



0.721 ± 0.075 



-0.072 ± 0.056 



-0.056 ± 0.051 



0.177 ± 0.063 



0.112 ± 0.092 



-0.196 ± 0.140 
-0.387 ± 0.213 



0.091 ± 0.056 



0.171 ± 0.050 



0.280 ± 0.066 



0.062 ± 0.094 



-0.004 ± 0.176 
0.400 ± 0.234 



-0.172 ± 0.052 



-0.136 ± 0.058 



-0.013 ± 0.071 



0.371 ± 0.103 
0.499 ± 0.152 



-0.061 ± 0.054 



0.288 ± 0.065 



0.647 ± 0.097 
0.855 ± 0.144 



0.112 ± 0.081 



30.340 ± 0.774 


0. 


.236 


32.660 ± 0.500 


0, 


.163 


37.309 ± 0.543 


0. 


.155 


37.675 ± 0.700 


0, 


.188 


38.364 ± 0.841 


0. 


.211 


46.383 ± 1.109 


0, 


.222 


49.439 ± 1.262 


0, 


.231 


49.635 ± 1.359 


0, 


.241 


30.942 ± 0.510 


0, 


.155 


37.084 ± 0.496 


0, 


.141 


38.003 ± 0.699 


0, 


.186 


39.435 ± 0.926 


0. 


.210 


44.136 ± 1.480 


0, 


.221 


42.984 ± 1.518 


0. 


.224 


42.046 ± 1.428 


0, 


.224 


36.229 ± 0.555 


0. 


.151 


34.090 ± 0.638 


0, 


.162 


31.732 ± 0.704 


0, 


.162 


29.267 ± 1.021 


0, 


.161 


30.023 ± 1.106 


0, 


.162 


31.417 ± 1.084 


0, 


.163 


37.299 ± 0.578 


0, 


.155 


35.224 ± 0.611 


0, 


.151 


33.835 ± 0.865 


0, 


.152 


34.682 ± 0.956 


0, 


.154 


36.448 ± 0.953 


0, 


.155 


38.392 ± 0.745 


0, 


.187 


37.680 ± 1.052 


0, 


.188 


38.468 ± 1.154 


0, 


.188 


40.153 ± 1.130 


0, 


.187 


39.661 ± 1.269 


0, 


.211 


39.428 ± 1.392 


0, 


.211 


39.643 ± 1.346 


0, 


.211 


42.033 ± 1.421 


0. 


.219 


45.437 ± 1.298 


0, 


.222 


48.829 ± 1.305 


0. 


.230 


35.145 ± 0.481 


0, 


.130 


33.998 ± 0.582 


0, 


.147 


34.312 ± 0.688 


0, 


.150 


33.669 ± 1.090 


0, 


.154 


32.898 ± 1.099 


0, 


.155 


32.406 ± 1.037 


0, 


.155 


38.179 ± 0.521 


0, 


.139 


37.964 ± 0.623 


0, 


.141 


40.201 ± 0.945 


0, 


.140 


39.743 ± 0.957 


0, 


.140 


39.675 ± 0.898 


0. 


.140 


41.334 ± 0.799 


0, 


.180 


41.106 ± 1.249 


0, 


.185 


41.038 ± 1.260 


0, 


.185 


42.044 ± 1.175 


0, 


.184 


41.761 ± 1.424 


0, 


.210 


40.518 ± 1.443 


0, 


.210 


40.088 ± 1.353 


0, 


.210 


42.999 ± 1.480 


0, 


.218 


44.134 ± 1.484 


0, 


.221 


42.806 ± 1.520 


0, 


.224 


35.655 ± 0.611 


0. 


.151 


33.108 ± 0.631 


0, 


.144 


30.061 ± 0.921 


0, 


.145 


31.214 ± 1.014 


0, 


.148 


33.437 ± 1.014 


0, 


.150 


32.672 ± 0.716 


0, 


.160 


28.969 ± 0.998 


0, 


.158 


30.041 ± 1.089 


0. 


.160 


32.026 ± 1.085 


0, 


.161 


28.723 ± 1.068 


0, 


.161 


30.029 ± 1.139 


0, 


.162 


31.583 ± 1.090 


0, 


.162 


31.095 ± 1.115 


0, 


.160 


30.608 ± 1.080 


0, 


.160 


30.381 ± 1.105 


0, 


.161 


35.450 ± 0.614 


0, 


.150 


33.415 ± 0.875 


0, 


.152 


34.484 d= 0.966 


0, 


.154 


36.437 ± 0.955 


0. 


.155 


35.344 ± 0.920 


0, 


.151 


36.836 ± 0.997 


0. 


.150 


38.474 ± 0.952 


0, 


.149 


37.155 ± 0.977 


0. 


.149 


36.222 ± 0.917 


0, 


.149 


35.333 d= 0.944 


0, 


.151 


35.697 ± 1.148 


0, 


.186 


37.105 ± 1.242 


0, 


.187 


39.670 ± 1.192 


0, 


.187 


39.807 ± 1.217 


0, 


.186 
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-0.657 ± 0.037 
-0.669 ± 0.047 
-0.655 ± 0.044 
-0.628 ± 0.039 
-0.620 ± 0.037 
-0.722 ± 0.054 
-0.557 ± 0.050 
-0.550 ± 0.045 
-0.555 ± 0.043 
-0.628 ± 0.056 
-0.651 ± 0.055 
-0.690 ± 0.056 
-0.680 ± 0.075 
-0.537 ± 0.063 
-0.430 ± 0.050 
-0.616 ± 0.051 
-0.627 ± 0.047 
-0.599 ± 0.043 
-0.594 ± 0.040 
-0.595 ± 0.052 
-0.557 ± 0.050 
-0.530 ± 0.051 
-0.735 ± 0.069 
-0.594 ± 0.058 
-0.520 ± 0.046 
-0.523 ± 0.067 
-0.549 ± 0.065 
-0.550 ± 0.067 
-0.316 ± 0.089 
-0.163 ± 0.072 
-0.173 ± 0.057 
-0.594 ± 0.106 
-0.359 ± 0.095 
-0.220 ± 0.083 
-0.300 ± 0.105 



0.548 ± 0.048 
0.581 ± 0.047 
0.570 ± 0.048 
0.576 ± 0.048 
0.576 ± 0.048 
0.946 ± 0.045 
0.992 ± 0.045 
0.994 ± 0.045 
0.990 ± 0.045 
1.138 ± 0.040 
1.141 ± 0.040 
1.146 ± 0.040 
1.185 ± 0.040 
1.206 ± 0.040 
1.218 ± 0.040 



0.925 ± 0.057 
0.972 ± 0.056 
1.000 ± 0.053 

1.004 ± 0.053 

1.005 ± 0.053 



0.443 ± 0.053 
0.477 ± 0.054 
0.440 ± 0.055 
0.412 ± 0.056 
0.481 ± 0.053 
0.449 ± 0.052 
0.424 ± 0.052 
0.525 ± 0.051 
0.485 ± 0.052 
0.430 ± 0.052 
0.871 ± 0.048 
0.859 ± 0.048 
0.852 ± 0.049 
0.916 ± 0.046 
0.868 ± 0.046 
0.814 ± 0.046 
1.075 ± 0.043 
1.048 ± 0.042 
1.014 ± 0.041 
1.108 ± 0.042 



1.283 ± 0.053 

1.302 ± 0.050 

1.303 ± 0.050 
1.294 ± 0.050 

1.449 ± 0.045 
1.452 ± 0.045 
1.455 ± 0.045 
1.434 ± 0.041 

1.450 ± 0.041 
1.460 ± 0.041 



0.933 ± 0.067 
0.785 ± 0.064 
0.763 ± 0.065 
0.754 ± 0.066 
0.932 ± 0.063 
0.953 ± 0.064 
0.987 ± 0.064 
0.923 ± 0.058 
0.892 ± 0.058 
0.813 ± 0.058 



-0.697 ± 0.048 
-0.673 ± 0.044 
-0.661 ± 0.040 
-0.661 ± 0.038 
-0.676 ± 0.048 
-0.669 ± 0.047 
-0.671 ± 0.049 
-0.791 ± 0.064 
-0.689 ± 0.054 
-0.629 ± 0.043 



0.547 ± 0.047 
0.543 ± 0.048 
0.546 ± 0.048 
0.544 ± 0.048 
0.574 d= 0.048 
0.582 ± 0.048 
0.584 ± 0.048 
0.569 ± 0.047 
0.575 ± 0.048 
0.576 ± 0.048 



1.239 ± 0.058 
1.258 ± 0.058 
1.273 ± 0.057 
1.192 ± 0.052 
1.138 ± 0.051 
1.074 ± 0.052 
1.404 ± 0.048 
1.401 ± 0.047 
1.383 ± 0.047 
1.331 ± 0.043 



0.904 ± 0.060 
0.927 ± 0.057 
0.926 ± 0.057 
0.926 ± 0.057 
0.977 ± 0.057 
0.971 ± 0.057 
0.969 ± 0.058 
0.986 ± 0.053 
0.996 ± 0.053 
1.004 ± 0.053 



1.169 ± 0.060 
1.114 ± 0.051 



0.188 ± 0.052 



0.443 ± 0.055 
0.512 ± 0.057 
0.517 ± 0.056 
0.513 ± 0.055 



0.305 ± 0.055 
0.279 ± 0.057 
0.291 ± 0.056 
0.293 ± 0.055 



1.064 ± 0.061 
1.057 ± 0.060 
1.042 ± 0.059 
1.157 ± 0.064 
1.200 ± 0.062 
1.207 ± 0.059 



0.043 ± 0.057 
0.075 ± 0.060 
-0.016 ± 0.059 
-0.089 ± 0.058 



0.375 ± 0.061 
0.327 ± 0.060 
0.312 ± 0.060 
0.518 ± 0.061 
0.503 ± 0.061 
0.396 ± 0.059 



0.176 ± 0.061 
0.143 ± 0.059 
0.146 ± 0.057 
0.310 ± 0.062 
0.300 ± 0.062 
0.194 ± 0.061 



1.068 ± 0.064 
1.073 ± 0.063 
1.014 ± 0.061 
1.133 ± 0.063 

0.177 ± 0.052 
0.178 ± 0.054 
0.185 ± 0.053 
0.184 ± 0.052 



0.891 ± 0.109 
0.942 ± 0.100 
1.008 ± 0.079 



0.117 ± 0.063 



0.343 ± 0.069 



0.566 ± 0.085 
0.606 ± 0.084 
0.649 ± 0.085 



0.100 ± 0.068 



0.005 ± 0.085 
0.045 ± 0.084 
0.025 ± 0.086 



0.746 ± 0.101 
0.747 ± 0.101 
0.677 ± 0.105 



1.110 ± 0.114 
1.181 ± 0.118 
1.237 ± 0.116 

-0.492 ± 0.056 



-0.349 ± 0.080 
-0.494 ± 0.072 
-0.600 ± 0.067 



0.042 ± 0.082 
-0.131 ± 0.075 
-0.249 ± 0.072 



0.279 ± 0.086 
0.178 ± 0.082 
0.029 ± 0.072 

-0.378 ± 0.084 
-0.498 ± 0.076 
-0.609 ± 0.072 



-0.240 ± 0.086 
-0.347 ± 0.082 
-0.448 ± 0.074 

0.541 ± 0.097 
0.416 ± 0.092 
0.245 ± 0.083 

0.803 ± 0.116 
0.086 ± 0.063 



0.086 ± 0.079 
0.120 ± 0.078 
0.129 ± 0.080 



-0.743 ± 0.152 



0.491 d= 0.364 
0.127 ± 0.184 



3.508 ± 0.326 



0.108 ± 0.065 



0.014 ± 0.077 



-0.147 ± 0.093 



1.701 ± 0.389 
0.515 ± 0.170 



0.157 ± 0.072 



0.264 ± 0.086 



1.253 ± 0.356 
0.268 ± 0.155 



-0.188 ± 0.113 



0.395 ± 0.498 
-0.397 ± 0.215 



666 ± 0.529 
675 ± 0.233 



-0.512 ± 0.064 



-0.188 ± 0.088 



-2.174 ± 0.219 
-1.098 ± 0.106 



-0.491 ± 0.098 



-2.104 ± 0.257 
-1.131 ± 0.129 



-1.669 ± 0.288 
-0.772 ± 0.144 



-1.037 ± 0.297 
-0.070 ± 0.094 



-2.261 ± 0.245 
-1.199 ± 0.123 

-1.411 ± 0.264 
-0.616 ± 0.131 

-1.479 ± 0.276 
-2.035 ± 0.351 
-1.157 ± 0.176 

-0.171 ± 0.346 
1.125 ± 0.469 

0.045 ± 0.068 



1.064 ± 0.330 
0.249 ± 0.144 



-1.088 ± 0.209 
-0.298 ± 0.317 



-0.062 ± 0.236 
-3.535 ± 0.531 



0.057 ± 0.055 



-0.009 ± 0.065 



-0.192 ± 0.078 



-1.284 ± 0.330 



0.269 ± 0.191 



0.109 ± 0.060 



0.168 ± 0.072 

-0.853 ± 0.302 

-0.002 ± 0.174 

-0.160 ± 0.094 

-0.092 ± 0.415 

-0.764 ± 0.234 
-2.073 ± 0.445 

0.236 ± 0.261 
-4.720 ± 0.671 

-0.327 ± 0.060 

0.024 ± 0.076 

1.681 ± 0.210 

-1.182 ± 0.153 

-0.206 ± 0.083 

1.586 ± 0.238 

-1.186 ± 0.179 
1.186 ± 0.247 

-0.695 ± 0.182 
0.706 ± 0.425 

0.119 ± 0.079 

1.810 ± 0.228 

-1.275 ± 0.171 
1.316 ± 0.229 

-0.687 ± 0.167 
0.860 ± 0.392 
1.498 ± 0.296 

-1.279 ± 0.218 
-0.876 ± 0.476 
-1.393 ± 0.603 



0.013 ± 0.056 



-0.005 ± 0.068 



-0.827 ± 0.280 



0.061 ± 0.161 



0.707 ± 0.125 
1.072 ± 0.183 

0.043 ± 0.135 
0.158 ± 0.200 
1.179 ± 0.247 



0.045 ± 0.047 



0.015 ± 0.054 



-0.240 ± 0.123 
-0.124 ± 0.163 



0.122 ± 0.050 



0.160 ± 0.063 



-0.001 ± 0.111 
0.173 ± 0.147 



-0.034 ± 0.080 

0.526 ± 0.149 
0.874 ± 0.193 

-0.349 ± 0.170 
-0.124 ± 0.226 
1.262 ± 0.248 



-0.153 ± 0.054 



0.187 ± 0.064 



0.639 ± 0.093 
0.830 ± 0.139 



0.005 ± 0.070 

0.648 ± 0.105 
0.837 ± 0.157 

0.398 ± 0.104 
0.507 ± 0.153 
0.110 ± 0.188 



0.277 ± 0.065 

0.776 ± 0.100 
0.983 ± 0.149 

0.627 ± 0.097 
0.807 ± 0.142 
0.336 ± 0.172 

0.738 ± 0.124 
1.073 ± 0.182 
1.020 ± 0.211 
0.549 ± 0.258 



0.022 ± 0.047 



-0.014 ± 0.060 



-0.115 ± 0.103 
-0.004 ± 0.137 



-40.042 ± 1.115 
-38.975 ± 1.135 
-39.073 ± 1.416 
-39.826 ± 1.372 
-39.543 ± 1.399 
-41.278 ± 1.412 
-35.916 ± 0.523 
-35.808 ± 0.598 
-36.454 ± 0.928 
-35.978 ± 0.937 
-35.865 ± 0.889 
-35.945 ± 0.694 
-34.155 ± 1.043 
-33.879 ± 1.053 
-34.220 ± 1.006 
-33.028 ± 1.068 
-32.294 ± 1.071 
-31.967 ± 1.005 
-33.153 ± 1.089 
-33.493 ± 1.092 
-32.926 ± 1.100 
-38.690 ± 0.625 
-39.873 ± 0.934 
-39.615 ± 0.943 
-39.944 ± 0.885 
-40.194 ± 0.954 
-39.675 ± 0.966 
-39.645 ± 0.904 
-39.810 ± 0.951 
-40.200 ± 0.947 
-39.671 ± 0.959 
-39.791 ± 1.225 
-39.726 ± 1.234 
-40.978 ± 1.159 
-41.070 ± 1.261 
-41.292 ± 1.242 
-40.595 ± 1.249 
-40.756 ± 1.423 
-41.465 ± 1.429 
-40.545 ± 1.444 
-42.443 ± 1.463 
-33.212 ± 0.647 
-29.970 ± 0.924 
-31.226 ± 1.016 
-33.331 ± 1.016 
-31.529 ± 0.972 
-33.369 ± 1.037 
-35.351 ± 0.993 
-33.523 ± 0.988 
-32.443 ± 0.961 
-31.901 ± 1.001 
-28.809 ± 1.046 
-30.530 ± 1.124 
-32.730 ± 1.096 
-32.032 ± 1.077 
-31.216 ± 1.043 
-30.646 ± 1.078 
-30.550 ± 1.121 
-30.015 ± 1.112 
-30.279 ± 1.135 
-31.077 ± 1.115 
-34.929 ± 0.928 
-36.630 ± 0.997 
-38.552 ± 0.950 
-37.105 d= 0.964 
-35.961 ± 0.907 
-34.985 ± 0.945 
-37.737 ± 0.995 
-37.550 ± 0.961 
-37.343 ± 0.983 
-36.988 ± 0.979 
-38.161 ± 1.232 
-38.009 ± 1.190 
-37.607 ± 1.221 
-39.179 ± 1.208 
-39.013 ± 1.413 
-36.357 ± 0.616 
-36.419 ± 0.923 
-36.090 ± 0.932 
-36.244 ± 0.889 
-36.295 ± 0.940 
-35.758 ± 0.947 
-35.654 ± 0.898 
-36.083 ± 0.933 
-36.359 ± 0.932 
-35.979 ± 0.938 



0.184 
0.184 
0.211 
0.211 
0.211 
0.216 
0.129 
0.129 
0.130 
0.130 
0.130 
0.145 
0.147 
0.147 
0.147 
0.150 
0.150 
0.150 
0.153 
0.154 
0.154 
0.138 
0.138 
0.138 
0.138 
0.140 
0.140 
0.140 
0.139 
0.140 
0.140 
0.179 
0.179 
0.180 
0.185 
0.184 
0.183 
0.207 
0.209 
0.210 
0.215 
0.144 
0.145 
0.148 
0.150 
0.144 
0.144 
0.143 
0.140 
0.141 
0.145 
0.158 
0.159 
0.160 
0.154 
0.154 
0.157 
0.159 
0.160 
0.161 
0.160 
0.150 
0.150 
0.148 
0.146 
0.147 
0.150 
0.148 
0.147 
0.148 
0.148 
0.183 
0.182 
0.183 
0.184 
0.210 
0.129 
0.129 
0.129 
0.129 
0.129 
0.129 
0.129 
0.129 
0.129 
0.130 
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0.692 ± 0.054 


0.953 ± 0.044 


- 


0.474 ± 0.056 


0.486 ± 0.082 


0.731 ± 0.053 


0.956 ± 0.044 


- 


0.463 ± 0.055 


0.497 ± 0.082 


0.764 ± 0.055 


0.965 ± 0.045 


- 


0.442 ± 0.055 


0.503 ± 0.084 


0.642 ± 0.073 


0.996 ± 0.045 


- 


0.486 ± 0.059 


- 


0.549 ± 0.061 


0.989 ± 0.046 


- 


0.515 ± 0.059 


- 


0.528 ± 0.049 


0.983 ± 0.046 


- 


0.531 ± 0.057 


- 


0.836 ± 0.077 


1.124 ± 0.040 


- 


- 


0.560 ± 0.085 


0.769 ± 0.069 


1.140 ± 0.040 


- 


- 


0.623 ± 0.086 


0.716 ± 0.061 


1.146 ± 0.040 


- 


- 


0.644 d= 0.086 


0.687 ± 0.075 


1.175 ± 0.041 


- 


- 


- 


0.632 ± 0.051 


- 


1.297 ± 0.054 


0.280 ± 0.057 


0.021 ± 0.084 


0.614 ± 0.051 


- 


1.293 ± 0.054 


0.291 ± 0.056 


0.044 ± 0.083 


0.594 ± 0.052 


- 


1.294 ± 0.053 


0.293 ± 0.055 


-0.000 ± 0.085 


0.707 ± 0.068 


- 


1.306 ± 0.050 


0.254 ± 0.059 


- 


0.591 ± 0.057 


- 


1.294 ± 0.051 


0.294 ± 0.058 


- 


0.563 ± 0.046 


- 


1.286 ± 0.051 


0.315 ± 0.057 


- 


0.737 ± 0.072 


- 


1.433 ± 0.045 


- 


0.009 ± 0.084 


0.596 ± 0.064 


- 


1.449 ± 0.045 


- 


0.005 ± 0.087 


0.529 ± 0.056 


- 


1.455 ± 0.045 


- 


0.025 ± 0.086 


0.753 ± 0.069 


- 


1.417 ± 0.041 


- 


- 


0.549 ± 0.092 


- 


- 


1.057 ± 0.063 


0.747 ± 0.101 


0.437 ± 0.082 


- 


- 


1.091 ± 0.062 


0.698 ± 0.105 


0.466 ± 0.072 


- 


_ 


1.089 ± 0.061 


0.672 ± 0.104 


0.370 ± 0.089 


- 


- 


1.144 ± 0.063 


- 


0.593 ± 0.106 


- 


- 


- 


1.023 ± 0.121 


- 


0.468 ± 0.053 


0.897 ± 0.068 


0.082 ± 0.060 


-0.351 ± 0.080 


- 


0.441 ± 0.053 


0.936 ± 0.068 


0.041 d= 0.058 


-0.501 ± 0.073 


- 


0.415 ± 0.053 


0.972 ± 0.068 


0.039 ± 0.057 


-0.612 ± 0.069 


- 


0.495 ± 0.052 


0.841 ± 0.062 


0.217 ± 0.060 


- 


- 


0.452 ± 0.052 


0.814 ± 0.062 


0.201 ± 0.061 


- 


- 


0.412 ± 0.054 


0.775 ± 0.064 


0.088 ± 0.060 


- 


- 


0.518 ± 0.051 


0.977 ± 0.062 


- 


-0.191 ± 0.081 


- 


0.478 ± 0.051 


0.995 ± 0.062 


- 


-0.323 ± 0.078 


- 


0.442 ± 0.051 


0.999 ± 0.063 


- 


-0.471 ± 0.071 


- 


0.521 ± 0.052 


0.923 ± 0.058 


- 


- 


- 


0.891 ± 0.047 


- 


0.504 ± 0.061 


0.219 ± 0.083 


- 


0.858 ± 0.047 


- 


0.494 ± 0.062 


0.074 ± 0.080 


- 


0.836 ± 0.048 


- 


0.426 ± 0.062 


-0.120 ± 0.074 


- 


0.902 ± 0.047 


- 


0.525 ± 0.062 


- 


- 


1.077 ± 0.043 


- 


- 


0.292 d= 0.090 



_ 


- 


1.250 ± 0.057 


0.300 ± 0.062 


- 


- 


1.243 ± 0.056 


0.301 ± 0.061 


- 


- 


1.245 ± 0.057 


0.249 ± 0.060 


- 


- 


1.172 ± 0.053 


0.319 ± 0.062 


- 


- 


1.404 ± 0.047 


- 


- 


- 


- 


1.075 ± 0.064 


0.696 ± 0.048 


0.548 ± 0.048 


0.902 ± 0.061 


0.179 ± 0.054 


0.699 ± 0.048 


0.552 ± 0.048 


0.895 ± 0.061 


0.184 ± 0.053 


0.703 ± 0.049 


0.552 ± 0.049 


0.898 ± 0.061 


0.179 d= 0.052 


0.774 ± 0.064 


0.547 ± 0.048 


0.929 ± 0.057 


0.146 d= 0.056 


0.683 ± 0.054 


0.545 ± 0.049 


0.927 ± 0.057 


0.174 ± 0.056 


0.649 ± 0.043 


0.541 ± 0.049 


0.924 ± 0.057 


0.193 ± 0.054 


0.814 ± 0.067 


0.573 ± 0.048 


0.963 ± 0.057 


- 


0.726 ± 0.060 


0.582 ± 0.048 


0.966 ± 0.058 


- 


0.679 ± 0.053 


0.584 ± 0.048 


0.968 ± 0.058 


- 


0.799 ± 0.064 


0.558 ± 0.048 


0.986 ± 0.053 


- 


0.782 ± 0.075 


0.957 ± 0.044 


- 


0.446 ± 0.058 


0.737 ± 0.067 


0.961 ± 0.045 


- 


0.455 ± 0.058 


0.738 ± 0.059 


0.958 ± 0.045 


- 


0.459 ± 0.057 


0.653 ± 0.073 


0.977 ± 0.046 


- 


0.495 ± 0.059 


0.838 ± 0.077 


1.127 ± 0.040 


- 


- 


0.713 ± 0.071 


- 


1.301 ± 0.054 


0.255 ± 0.059 


0.592 ± 0.063 


- 


1.294 ± 0.054 


0.294 ± 0.058 


0.564 ± 0.056 


- 


1.286 ± 0.054 


0.314 ± 0.057 


0.726 ± 0.068 


- 


1.282 ± 0.051 


0.265 ± 0.059 


0.735 ± 0.072 


- 


1.432 ± 0.045 


- 


0.547 ± 0.092 


- 


- 


1.064 ± 0.063 


- 


0.489 ± 0.052 


0.893 ± 0.066 


0.210 ± 0.060 


- 


0.445 ± 0.052 


0.917 ± 0.066 


0.204 ± 0.060 


- 


0.414 ± 0.052 


0.945 ± 0.067 


0.142 ± 0.059 


- 


0.487 ± 0.052 


0.839 ± 0.062 


0.222 ± 0.060 


- 


0.505 ± 0.052 


0.987 ± 0.062 


- 


- 


0.887 ± 0.047 


- 


0.507 ± 0.062 


- 


- 


1.245 ± 0.056 


0.310 ± 0.062 


0.797 ± 0.067 


0.552 ± 0.048 


0.904 ± 0.061 


0.148 ± 0.056 


0.717 ± 0.060 


0.553 ± 0.049 


0.900 ± 0.061 


0.171 ± 0.056 


0.691 ± 0.053 


0.549 ± 0.049 


0.896 ± 0.061 


0.188 ± 0.054 


0.781 ± 0.064 


0.534 ± 0.048 


0.926 ± 0.057 


0.154 ± 0.056 


0.812 ± 0.067 


0.563 ± 0.048 


0.971 ± 0.057 


- 


0.781 ± 0.075 


0.956 ± 0.045 


- 


0.447 ± 0.059 


0.710 ± 0.071 


- 


1.296 ± 0.054 


0.264 ± 0.059 


- 


0.472 ± 0.053 


0.903 ± 0.066 


0.218 ± 0.060 


0.794 ± 0.067 


0.538 ± 0.049 


0.912 ± 0.061 


0.154 ± 0.056 



-0.215 ± 0.085 
-0.350 ± 0.081 
-0.490 ± 0.074 

-0.328 ± 0.090 
0.428 ± 0.103 
0.093 ± 0.078 
0.116 ± 0.078 
0.108 ± 0.080 



0.089 ± 0.078 
0.112 ± 0.081 
0.128 ± 0.080 

0.488 ± 0.082 
0.509 ± 0.085 
0.503 ± 0.084 

0.580 ± 0.089 
0.022 ± 0.084 
0.001 ± 0.086 
0.003 ± 0.085 

-0.078 ± 0.088 
0.635 ± 0.107 
-0.176 ± 0.081 
-0.326 ± 0.078 
-0.494 ± 0.071 

-0.232 ± 0.086 
0.205 ± 0.088 

-0.308 ± 0.089 
0.094 ± 0.078 
0.104 ± 0.080 
0.108 ± 0.080 

0.055 ± 0.083 
0.484 ± 0.087 
-0.069 ± 0.087 
-0.224 ± 0.085 
0.054 ± 0.082 



-0.284 ± 0.091 



0.640 ± 0.396 
-0.023 ± 0.174 



1.296 ± 0.384 
0.321 ± 0.167 



1.955 ± 0.434 
0.143 ± 0.088 



0.749 ± 0.371 
-0.010 ± 0.163 

1.248 ± 0.359 
0.267 ± 0.157 

1.771 ± 0.394 
0.001 ± 0.486 
-0.513 ± 0.211 

1.550 ± 0.536 
3.285 ± 0.602 
-0.222 ± 0.092 



-2.486 ± 0.234 
-1.272 ± 0.118 

-1.873 ± 0.253 
-0.811 ± 0.126 

-2.088 ± 0.268 
-2.491 ± 0.295 
-1.200 ± 0.149 

-1.895 ± 0.302 
-1.776 ± 0.374 
-1.913 ± 0.280 
-0.893 ± 0.141 

-1.920 ± 0.286 
-0.780 ± 0.335 
-1.253 ± 0.431 
-0.013 ± 0.083 



0.781 ± 0.346 
0.086 ± 0.152 

1.014 ± 0.333 
0.222 ± 0.145 

1.319 ± 0.368 
0.373 ± 0.391 
-0.118 ± 0.171 

0.994 ± 0.433 
1.142 ± 0.442 
0.736 ± 0.375 
-0.010 ± 0.164 

1.289 ± 0.404 
1.862 ± 0.407 
0.765 ± 0.542 
-2.198 d= 0.268 
-0.985 ± 0.135 

-2.355 ± 0.276 
-1.575 ± 0.328 
-2.386 ± 0.367 
-1.250 ± 0.343 
0.726 ± 0.349 
0.064 ± 0.153 

1.058 ± 0.378 
1.250 ± 0.382 
0.408 ± 0.438 
1.372 ± 0.417 
-1.854 ± 0.335 
0.991 ± 0.392 



-0.260 ± 0.076 

-0.533 ± 0.331 

-0.218 ± 0.190 
-1.246 ± 0.322 

0.191 ± 0.186 
-1.756 ± 0.488 

0.087 ± 0.073 

-0.504 ± 0.310 

-0.258 ± 0.177 
-0.853 ± 0.303 

-0.004 ± 0.174 
-1.829 ± 0.441 
-0.161 ± 0.403 

-0.739 ± 0.228 
-2.313 ± 0.584 
-3.147 ± 0.671 

0.015 ± 0.077 

1.894 ± 0.217 

-1.273 ± 0.165 
1.540 ± 0.218 

-0.789 ± 0.160 
1.507 ± 0.376 
1.780 ± 0.248 

-1.096 ± 0.187 
1.148 ± 0.412 
1.367 ± 0.470 
1.644 ± 0.236 

-0.923 ± 0.175 
1.084 ± 0.388 
0.227 ± 0.426 
0.129 ± 0.531 

-0.046 ± 0.069 

-0.627 ± 0.289 

-0.099 ± 0.166 
-0.831 ± 0.280 

0.053 ± 0.161 
-1.301 ± 0.412 
-0.561 ± 0.324 

-0.213 ± 0.186 
-1.215 ± 0.473 
-0.985 ± 0.491 
-0.504 ± 0.310 

-0.258 ± 0.177 
-1.547 ± 0.441 
-1.917 ± 0.453 
-1.505 ± 0.588 
1.757 ± 0.225 

-0.918 ± 0.169 
1.621 ± 0.374 
1.040 ± 0.413 
1.597 ± 0.453 
0.482 ± 0.423 

-0.630 ± 0.289 

-0.102 ± 0.166 
-1.160 ± 0.414 
-1.234 ± 0.424 
-0.623 ± 0.477 
-1.627 ± 0.452 

1.167 ± 0.411 
-1.094 ± 0.426 



- 


-33.569 ± 1.028 


0.144 


- 


-33.282 ± 1.036 


0.144 


-0.212 ± 0.065 


-33.629 ± 0.991 


0.144 


- 


-33.916 ± 1.053 


0.147 


0.029 ± 0.121 


-34.180 ± 1.049 


0.147 


0.186 ± 0.159 


-33.863 ± 1.053 


0.147 


- 


-32.534 ± 1.067 


0.149 


-0.409 ± 0.121 


-32.664 ± 1.067 


0.149 


-0.365 ± 0.161 


-32.339 ± 1.068 


0.150 


0.236 ± 0.180 


-33.137 ± 1.089 


0.153 


- 


-39.840 ± 0.944 


0.138 


- 


-39.549 ± 0.952 


0.138 


0.122 ± 0.062 


-39.944 ± 0.892 


0.138 


- 


-39.671 ± 0.942 


0.138 


0.129 ± 0.113 


-39.926 ± 0.935 


0.138 


0.324 ± 0.147 


-39.469 ± 0.943 


0.138 


- 


-39.797 ± 0.960 


0.139 


-0.002 ± 0.114 


-40.192 ± 0.959 


0.140 


0.163 ± 0.151 


-39.638 ± 0.966 


0.140 


0.489 ± 0.162 


-39.633 ± 0.948 


0.139 


- 


-39.727 ± 1.236 


0.179 


0.273 ± 0.150 


-39.973 ± 1.227 


0.179 


0.544 ± 0.195 


-39.584 ± 1.230 


0.179 


1.121 ± 0.210 


-40.596 ± 1.244 


0.182 


0.541 ± 0.253 


-40.693 ± 1.421 


0.206 


- 


-31.442 ± 0.974 


0.144 


- 


-33.372 ± 1.037 


0.144 


0.186 ± 0.064 


-35.436 ± 1.001 


0.143 


- 


-33.699 ± 0.983 


0.139 


0.726 ± 0.096 


-32.525 ± 0.956 


0.140 


0.889 ± 0.145 


-31.887 ± 1.000 


0.145 


- 


-34.035 ± 1.010 


0.140 


0.620 ± 0.092 


-33.733 ± 1.002 


0.140 


0.779 ± 0.136 


-33.913 ± 1.022 


0.141 


0.092 ± 0.165 


-33.507 ± 0.989 


0.140 


- 


-31.579 ± 1.087 


0.153 


0.654 ± 0.105 


-30.957 ± 1.080 


0.154 


0.830 ± 0.157 


-31.091 ± 1.111 


0.157 


0.236 ± 0.181 


-32.005 ± 1.077 


0.153 


-0.089 ± 0.197 


-30.540 ± 1.122 


0.159 


- 


-37.627 ± 0.982 


0.146 


0.757 ± 0.099 


-37.296 ± 0.949 


0.145 


0.967 ± 0.145 


-37.087 ± 0.975 


0.146 


0.392 ± 0.170 


-36.910 ± 0.965 


0.146 


0.546 ± 0.180 


-37.677 ± 0.990 


0.147 


0.693 ± 0.223 


-38.080 ± 1.226 


0.182 


- 


-36.247 ± 0.934 


0.129 


- 


-35.879 ± 0.942 


0.129 


-0.027 ± 0.059 


-36.057 ± 0.900 


0.129 


- 


-36.144 ± 0.930 


0.128 


-0.032 ± 0.106 


-36.393 ± 0.928 


0.129 


0.100 ± 0.139 


-36.078 ± 0.932 


0.129 


- 


-35.915 ± 0.944 


0.129 


-0.149 ± 0.106 


-36.123 ± 0.947 


0.129 


-0.056 ± 0.141 


-35.755 ± 0.948 


0.129 


0.237 ± 0.152 


-36.067 ± 0.932 


0.129 


- 


-33.314 ± 1.037 


0.144 


-0.140 ± 0.122 


-33.422 ± 1.035 


0.144 


-0.044 ± 0.160 


-33.279 ± 1.037 


0.144 


0.348 ± 0.173 


-33.907 ± 1.051 


0.147 


-0.130 ± 0.184 


-32.521 ± 1.067 


0.149 


- 


-39.637 ± 0.951 


0.138 


0.128 ± 0.116 


-39.925 ± 0.947 


0.138 


0.323 ± 0.151 


-39.466 ± 0.950 


0.138 


0.530 ± 0.160 


-39.473 ± 0.938 


0.137 


0.536 ± 0.170 


-39.735 ± 0.955 


0.139 


0.684 ± 0.219 


-39.640 ± 1.230 


0.178 


- 


-34.165 ± 1.003 


0.139 


0.708 ± 0.095 


-33.829 ± 0.997 


0.139 


0.872 ± 0.141 


-33.988 ± 1.020 


0.141 


0.146 ± 0.164 


-33.678 ± 0.983 


0.139 


0.248 ± 0.174 


-34.103 ± 1.010 


0.139 


0.092 ± 0.191 


-31.596 ± 1.088 


0.153 


0.588 ± 0.178 


-37.559 ± 0.977 


0.145 


- 


-35.967 ± 0.941 


0.128 


-0.065 ± 0.109 


-36.174 ± 0.943 


0.129 


0.053 ± 0.143 


-35.885 ± 0.942 


0.129 


0.272 ± 0.152 


-36.129 ± 0.929 


0.128 


0.202 ± 0.161 


-35.965 ± 0.945 


0.129 


0.032 ± 0.180 


-33.320 ± 1.038 


0.144 


0.572 ± 0.168 


-39.565 ± 0.945 


0.137 


0.297 ± 0.173 


-34.250 ± 1.004 


0.138 


0.238 ± 0.160 


-36.029 ± 0.941 


0.128 



Note. — Coefficients of the fit of the combination of any number of Spitzer and Herschel bands from 8.0 ^im to 500 ^tm to estimate the SFR in Mq yr kpc . The last column 

give <T, the standard deviation of the SFR around the best fit. The fitted relation is of the form: log S F R = ^^=1 "-i ^°sSi + b, with S^ in W kpc"^. The relation has been 
derived for brightnesses in the following range: 32.37 < log 8 < 34.45, 31.98 < log 24 < 34.54, 32.60 < log 70^^ < 34.95, 33.29 < log 100 < 35.08, 33.06 < log 160 < 34.79, 
32.65 < log 250 < 34.18, 32.12 < log 350 < 33.65,31.60 < log 500 < 33.10, where the brightness is in units of W kpc"^. 
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